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1 INTRODUCTION 
 
1.1 VEGETATION AND PHYTOSOCIOLOGY 
 
Vegetation is a system of mostly spontaneously growing plants (Maarel van der, 2005), and 
the term is usually used to describe plant communities. The occurrence of different species 
in a particular habitat is a reflection of their adaptation to abiotic factors and competition. 
Vegetation classification according to the Braun-Blanquet method (Braun-Blanquet, 1964) 
is originally based on whole species composition of sample plots; structure and habitat 
factors play only a side role. Syntaxa (classification units, analogous to taxa in species 
systematics) are arranged into a hierarchical system according to their floristic similarity 
(Dengler et al., 2008). The basic unit (syntaxon), to which an individual record can be 
ascribed, is »association,« with the higher units in their respective order being »alliance,« 
»order,« and »class.« An individual syntaxon is characterized by a group of characteristic 
but also differential, constant, and dominant species (Dierschke, 1994; Chytrý and Tichý, 
2003). 
 
Vegetation research has a long tradition in Europe, and the use of a common method (Braun-
Blanquet, 1964) in most regions of the continent enables the compilation of large data sets 
and their study in a macroecological context. Individual vegetation records, sampled on 
restricted vegetation plots, represent homogenous plant stands and include not only species 
composition but also information about plot size, environmental conditions (e.g. type and 
pH value of soil, inclination, type of the surrounding vegetation), and geographical position. 
These plots (or relevés) are a specific type of biodiversity data that contain individual species 
abundancy, are sampled in fine resolution, and usually available for larger geographical 
areas (Dengler et al., 2008). In the last two decades, the data accessibility (Chytrý et al., 
2016; Küzmič et al., 2020) and their storage in databases (TURBOVEG: Hennekens and 
Schaminée (2001)), as well as specifically designed software for statistical analyses (for 
example TWINSPAN (Hill, 1979), and JUICE (Tichý, 2002)), enabled large-scale analyses 
in phytosociology and vegetation science in general. Unlike data on the occurrence of 
individual species, they enable analyses of species co-occurrences, vegetation classification,  
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vegetation type definitions, the study of relationships between vegetation and environmental 
parameters, bioindication, alfa and beta diversity assessments, etc. 
 
1.2 ANNUAL WEED AND RUDERAL VEGETATION 
 
Weed and ruderal vegetation as a research object is a type of vegetation subjected to many 
factors, beside abiotic and biotic ones, that are common to many other vegetation types and 
also an array of anthropogenic factors of mechanical or chemical disturbances (e.g. Lososová 
and Cimalová, 2009; Fried et al., 2019). Due to being composed predominantly of annual 
species, they are highly dynamic along spatial and temporal scales as they quickly respond 
to changes in the environment. On the other hand, several factors affect the patterns of 
characteristic species composition or species richness of these communities along spatial 
and temporal gradients (Holzner, 1978). Among them are geographical latitude and 
longitude, temperature, precipitation, altitude, and a number of anthropogenic factors. 
 
Most of these factors represent natural gradients of which geographical latitude (resulting 
from several primary environmental gradients) is certainly the most prominent on the 
continental scale (Holzner, 1978; Lososová et al., 2004; Glemnitz et al., 2006; Ellenberg, 
2009). Abiotic factors are joined by biotic factors of which competition (between weed 
species as well as between weed and crop species) is probably one of the more important 
ones (Holzner, 1978; Ellenberg, 1988). This is reflected in the long-recognized differences 
between weed communities of cereal fields and those of row crop fields (Holzner, 1978; 
Ellenberg, 1988). The main factor of historical changes is man with his changes of the 
environment and agricultural practices which include abandoning of crop-rotation, increased 
herbicide and fertilizer applications, liming, meliorations, and more effective seed cleaning, 
all of which lead to homogenization of weed plant communities (Holzner, 1982; Lososová 
et al., 2004; Šilc and Čarni, 2005; Meyer et al., 2015; Šilc, 2015). Regional studies on the 
drivers of species composition in weed vegetation reveal differences in their importance and 
therefore cannot be generalized to the whole continent (Čarni et al., 2011). 
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1.3 POSING QUESTIONS 
 
The large array of drivers of annual weed and ruderal vegetation species composition 
consequently leads to a large number of recognized and described plant communities. For 
example, after recent formalized classification, two classes of floodplain forests consist of 
about 30 associations on the whole European continent (Douda et al., 2016), whereas there 
is a bigger number of associations of weed vegetation (historical class Stellarietea media) 
reported only in the Slovenian territory (Šilc and Čarni, 2012). Different (regional) 
classification studies using different methods of classification makes it impossible to 
construct an objective continental-scale classification scheme of plant communities unless 
based on expert opinion from a collaborative effort (Mucina et al., 2016). The task of weed 
and ruderal vegetation classification is therefore still pending. 
 
A difference in the breadth of ecological niche can be described by the terms generalist 
(species with a broad ecological niche) and specialist (species with a narrow ecological 
niche), or better, the species can be placed somewhere in a continuum between these two 
extremes. Species often have different niche breadth as a consequence of gradients of abiotic 
and biotic factors that limit the species' occurrence and distribution area. These reasons cause 
the species to become increasingly rare near the border of their distribution area in 
comparison to the central part (the so-called “abundant center” hypothesis; Brown (1984)). 
This has already been observed and shown for weed species with thermophilous weed 
species that originate in the Middle East and occur only on base-rich, warmer soils in 
Western and Northern Europe, when they are not as restricted by the soil type in the 
Southeastern parts (Holzner, 1978; Šilc et al., 2014). Weed vegetation, due to its widespread 
presence in Europe and azonal character, makes a valuable research object for testing this 
general ecological theory. 
 
Weed vegetation is interesting also from the point of level of invasion. Analyses from 
various countries have shown that the largest numbers of alien species occur in most human-
disturbed places (e.g. arable fields and trampled areas) (Chytrý et al., 2008; Küzmič and Šilc, 
2017). Alien species can be divided into two groups according to their residence time: 
archaeophytes (species brought to an area since the beginnings of neolithic farming to the 
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discovery of the Americas at approximately 1500 AD) and neophytes (species present in an 
area after approximately 1500 AD) (Pyšek et al., 2002). Alien plant species are represented 
to a varying degree in different weed and ruderal vegetation types and in different regions 
(Chytrý et al., 2008; Lososová and Cimalová, 2009b). 
 
1.4 AIMS 
 
This dissertation aims to answer some pending questions in the weed and ruderal vegetation 
research (classification), to fulfill the continental picture made by regional studies (level of 
invasion by alien species), and to address some general ecological theories from the point of 
anthropogenically highly influenced (arable and ruderal) vegetation types (abundant center 
hypothesis and latitudinal gradients of species richness). To achieve these aims, we:  
1. test the newly proposed synsystematic scheme (Mucina et al., 2016) of weed 
vegetation classification, dividing it into four classes, and re-assess it with own 
classification analysis using a joint, comprehensive dataset; 
2. test the hypothesis that species on the edge of their distribution area are more 
specialized (have a narrower ecological niche) on weed vegetation of cereal fields; 
3. assess changes in species richness (alpha diversity) of annual weed and ruderal 
communities along a continental-scale geographic latitude and longitude; 
4. explore patterns of the level of neophyte invasion according to different disturbance 
regimes in different biogeographical regions; 
5. and, secondary, point to larger gaps in the availability of annual weed and ruderal 
vegetation plot data (Küzmič et al., 2020).  
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2 LITERATURE REVIEW 
 
2.1 CHAPTER 1: CLASSIFICATION OF ANNUAL WEED AND RUDERAL 
VEGETATION  
 
The term weed means any plant or vegetation interfering with the objectives or requirements 
of people (Notarissen and Notarissen, 2008). In this sense, it designates a very subjective 
definition that comprises many different vegetation types. Weed is not a biological term and 
it could be used in many different points of view. In a more narrow (and traditional) sense, 
we can define weeds as “…pioneers of secondary succession of which the weedy arable field 
is a special case” (Bunting, 1960; Holzner, 1982). This definition is mostly applicable to 
cultivated land – fields, gardens, vineyards, etc. – where these species compete with 
cultivated species for resources and interfere with human objectives, this is why the use of 
the term “weed” is anthropocentric. Weed vegetation of such places comprises mostly annual 
plant species with a short life cycle and pioneer ruderal strategy. Plants with similar 
ecological traits also constitute vegetation on ruderal sites, most commonly in the early 
successional stages after the disturbance but also in certain habitats with frequent and intense 
disturbance or places with seasonal periods of extreme conditions, e.g. summer drought. 
 
It is in human nature to classify and categorize “objects” in our world, to name them and 
establish criteria for their classification (Richards, 2016). One such phenomenon is nature 
and vegetation as its part. Phytosociology according to Braun-Blanquet is the mainstream 
methodology for vegetation classification in Europe (Braun-Blanquet, 1964; Dengler et al., 
2008). It was developed and has a long tradition in Central and Southern Europe but has 
recently become widely used also in Eastern and Northern Europe. The most important 
criteria in this method for the synsystematical assignment of vegetation stands into abstract 
units, called syntaxa, are character and differential species which represent the diagnostic 
species combination (Dierschke, 1994; Dengler et al., 2008). Classification of vegetation 
into discreet units enables their characterization, study of spatial and temporal trends, and 
incorporation into management and conservation schemes. Good/detailed characterization 
of units lowers confusion and mixing of different units as well as enables their use for a 
wider spectrum of possible users who are not familiar with vegetation science sensu stricto. 
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As the number of syntaxa grows due to various reasons, some of the previously described 
syntaxa must later be differentiated or changed in rank. Such changes are often confusing 
but inevitable (Dierschke, 1994). 
 
Classification of annual anthropogenic vegetation has been changing considerably in the 
course of phytosociological research. One of the main reasons is that most classification 
studies were performed regionally or nationally (Braun-Blanquet et al., 1952; Oberdorfer, 
1957; Passarge, 1996; Lososová et al., 2009; Kącki et al., 2014). At first, it was coupled with 
trampled and perennial ruderal vegetation, later separated into its own class or two of them 
(ruderal vs. arable weed vegetation or Mediterranean vs. temperate weed vegetation) (Braun-
Blanquet and Tüxen, 1943; Braun-Blanquet et al., 1936, 1952; Tüxen, 1950; Gutte and 
Hilbig, 1975). Most recently, in an overview of vegetation types on a continental level, 
annual weed and ruderal vegetation became classified into four distinct classes (Mucina et 
al., 2016): i) weed vegetation of temperate Eurasia (Papaveretea rhoeadis S. Brullo et al. 
2001), ii) ruderal vegetation of temperate Eurasia (Sisymbrietea Gutte et Hilbig 1975), iii) 
winter annual weed and ruderal vegetation in the Mediterranean and Atlantic seaboards 
(Chenopodietea Br.-Bl. in Br.-Bl. et al. 1952), and iv) thermophilous weed and ruderal 
vegetation rich in C4 grasses of the Mediterranean and southern temperate Eurasia (Digitario 
sanguinalis-Eragrostietea minoris Mucina, Lososová et Šilc 2016). However, their 
synsystem is constructed from regional classification schemes, lacking new classification 
analyses based on actual vegetation data. Comparison and merging of different classification 
schemes are problematic because of differences in methods and the data used. Methods used 
for classification differed temporally from visual inspection of the phytosociological tables 
in the first decades to (different) numerical analyses in the later periods, and so far, there are 
still different approaches in classifying vegetation on the supraregional level (Douda et al., 
2016; Peterka et al., 2017; Novák et al., 2020). 
 
Recent national and regional prodromes of vegetation types differ mostly in the question of 
whether to have one big class (usually Stellarietea mediae Tüxen, W. Lohmeyer & Preising 
ex von Rochow 1951) or to separate “true” weed vegetation of arable land from ruderal 
stands.  
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Regardless of the syntaxonomical solutions on the class level, on the order level, there are 
again different concepts used. Some vegetation types are more consistently separated from 
the others, for example, annual ruderal vegetation included in the order Sisymbrietalia 
(Mucina, 1993; Müller, 1993). Some other form less consistently classified communities, 
for example, weed communities in cereals on base-poor soils which are sometimes classified 
separately (Aperetalia spicae-venti in Oberdorfer (1993) and sometimes grouped with row 
crops on base-poor soils (Chenopodietalia albi in Mucina (1993)). 
 
For our study, we limited our scope to the vegetation of arable land and ruderal sites 
supporting predominantly annual species. The presence of such vegetation types is heavily 
dependent on human interference. Four phytosociological classes comprise our target 
vegetation types according to the recent European Vegetation Checklist (Mucina et al., 
2016): Papaveretea rhoeadis, Sisymbrietea, Chenopodietea, and Digitario sanguinalis-
Eragrostietea minoris. We did not include vegetation of periodically flooded nutrient-rich 
sites (Bidentetea), weed vegetation of rice fields (Oryzetea sativae), or ruderal vegetation 
dominated by perennial species (Artemisietea vulgaris) because they are distinct in floristic 
composition, successional stage, or less connected to human disturbance. 
 
It is important on the one hand to be aware of the differences in synsystematics of the weed 
vegetation between various researchers because they indicate factors influencing differences 
in species composition. On the other hand, however, it is even more important to try to find 
the optimal classification for the broader, possibly continental level, to ease the 
communication in order to: i) enable comparability across studies (e.g. comparing number 
of syntaxa) (Bruelheide and Chytrý, 2000; Jiménez-Alfaro et al., 2014), ii) improve or enable 
use in agriculture, and iii) enable the implementation into the habitat type typology to 
achieve assessment of the weed vegetation endangerment (Rodwell et al., 2018). 
 
2.1.1 Aims 
In this study, we firstly aim to 
 review the development of the annual anthropogenic vegetation classification in 
Europe according to the Braun-Blanquet approach since its beginnings, in 
particular to present different concepts applied in the classification at the highest 
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syntaxonomical hierarchical levels. We look for reasons for these changes and 
review national prodromes of vegetation units in order to assess the attention 
different concepts received.  
Secondly, we aim to  
 make a new classification of annual anthropogenic vegetation in Europe based 
on the most comprehensive dataset of vegetation plots. Based on the numerical 
analyses we will be able to detect those vegetation units which are relevant on 
the continental scale and which are not possible to detect. 
Thirdly, we aim to 
 compare the classification results of our analysis with the recent classification 
scheme which was built based on expert opinion (Mucina et al., 2016). 
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2.2 CHAPTER 2: ECOLOGICAL NICHE BREADTH CHANGES ALONG THE 
CONTINENTAL GRADIENT IN EUROPEAN WEED SPECIES 
 
2.2.1 Concept of specialist and generalist species 
The concept of ecological niche encompasses all species requirements to ensure its 
population viability in a given environment as well as include its impacts on that 
environment (Chesson, 2000). According to Hutchinson (1957), the ecological niche is 
described as the n-dimensional space defined by a number of environmental axes within 
which a species can maintain viable populations. Some species have wider realized niches 
than others, and this results in species distributions in space and presence in different 
habitats. Differences in species’ niche breadth can characterize them either as specialist or 
generalist, or better, place them somewhere along this gradient (Clavel et al., 2011). 
According to the abundant center hypothesis, a species is more abundant in the central part 
of its distribution area, and the abundance gradually decreases towards the edges (Brown, 
1984). In the central parts, a species generally forms locally dense populations and occupies 
several different habitats with different environmental conditions, while towards the edges, 
its ecological amplitude (niche breadth) narrows as environmental factors become 
decreasingly suitable (e.g. low temperatures in winter or dry summers) (Holzner, 1978; 
Brown, 1984; Youssef et al., 2020). The specialization can at first occur at a broader habitat 
type level, such as transition from grasslands to arable fields (Bergmeier and Strid, 2014; 
Youssef et al., 2020) and secondly, at a finer level, such as restriction only to arable fields 
on base-rich soils (Holzner, 1978; Šilc et al., 2014). 
 
One of the possibilities to assess the species’ realized ecological niche is through co-
occurrence data. The premise is that species occupying more habitats co-occur with more 
species, and species occupying one or only a few different habitats co-occur only with 
species growing there (Fridley et al., 2007). Under such assumptions, the degree of 
specialization at a given site reflects all abiotic and biotic factors that determine community 
composition at that site and not only one isolated environmental gradient. This is in 
accordance with the concept of a realized ecological niche (Hutchinson, 1957; Zelený and 
Chytrý, 2019). There are many ways to mathematically assess the level of specialization 
with the use of the species co-occurrence data. One of them that has been widely used in 
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vegetation science in the last decade is the so-called theta value (θ) (Fridley et al., 2007) 
which can incorporate several different beta diversity indices. The first proposed index, 
obtained by additive partitioning (Fridley et al., 2007), did not account for the size of the 
species pool, so Zelený (2008) proposed the use of Whittaker’s beta diversity index, which 
uses multiplicative partitioning. Several other beta diversity indices have been proposed for 
assessing niche breadth, some based on species co-occurrences and some on dissimilarities 
between communities (Manthey and Fridley, 2009). Some of the indices are sensitive to 
skewed distribution of species richness, which happens when some species are specialized 
to very species-poor communities (Manthey and Fridley, 2009). In such cases, a highly 
specialist species co-occurs with few other species in most of the plots, while in some plots 
with accidental occurrence, the co-occurring species pool enlarges. Weed vegetation is not 
as species-poor as some other vegetation types. Still, in use, different indices often give 
similar results (Boulangeat et al., 2012; Zelený and Chytrý, 2019).  
 
In short, the proposed scheme for a specialization level of a particular species of interest is 
the following: 
 
Broad (realized) ecological niche ↔ occupation of several different habitats ↔ co-
occurrence with many different species ↔ high species turnover in the corresponding 
communities ↔ high theta value 
 
2.2.2 Biogeography of weed species 
Species mainly found in arable fields in Europe are mostly generalist species (Boulangeat et 
al., 2012). It has been long considered that weeds came to Europe (and spread therein) along 
with cereal crops from the Near East (Zohary, 1973; Holzner, 1978; Zohary et al., 2015; 
Youssef et al., 2020). Two main routes of the spread across Europe were proposed: the 
Danubian continental along the river Danube from SE Europe towards the North-west and 
the Mediterranean coastal route from eastern towards western Northern Mediterranean 
(Jauzein, 1977). In the Near East, certain weed species still grow in natural habitats as well 
as on arable fields (Youssef et al., 2020). Even though the main premise is that weed species 
jointly migrated with the crops, and therefore have Near Eastern origin in common, 
numerous species joined the weed communities along the route of agricultural spread, from 
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Southeastern to Western and Northern Europe (Holzner, 1978; Youssef et al., 2020). 
Concurrently, some species became excluded due to unfavorable abiotic or biotic factors. In 
France, about 60 % of typically winter cereal weed species can also be found growing in the 
Mesopotamian region (Youssef et al., 2020). Nowadays, in the cereal fields of Central 
Europe, species of Mediterranean origin are overrepresented in weed vegetation in 
comparison to vegetation in other habitats (Grulich, 1997; Šumberová et al., 2000; Pinke 
and Pál, 2008; Lososová and Grulich, 2009), however, the predominant chorotype is the 
Eurasian temperate (Lososová and Grulich, 2009). 
 
2.2.3 Weed vegetation of winter cereals  
The Upper Mesopotamian region is considered the most important origin of cereal crops, 
even though some other crop species also originate from SW Asia (e.g. certain legume 
species) (Zohary, et al., 2015). The weed vegetation associated with cereal crops in 
temperate Europe is traditionally classified into two phytosociological alliances based on 
their species composition. Both comprise mostly winter annual species that finish their life 
cycle together with cereal crops in the early summer (Holzner, 1978). The first alliance, 
Caucalidion, comprises weed vegetation on base-rich soils, while the second one, 
Scleranthion, comprises weed vegetation on neutral to acidic soils (Mucina et al., 2016). 
Both alliances are widespread across temperate Europe, geographically largely overlapping, 
differentiated by local ecology/environment, and also by the residence time of archaeophytic 
species since the Neolithic (Pokorná et al., 2018). Since base-rich and warm soils become 
increasingly rare towards NW Europe, Caucalidion vegetation has its distribution center in 
the continental, Pannonian, and submediterranean Europe (for the review on distribution, 
see Ferro (1990) and Lososová et al. (2009)). Species of the Mediterranean (mostly E 
Mediterranean) chorotype are overrepresented in this vegetation type in comparison to others 
(Lososová and Grulich, 2009). Scleranthion vegetation, on the other hand, conditioned by 
neutral to acidic soil, which is more common in the Central and NW Europe, has its 
distribution center in the (sub)Atlantic and subcontinental Europe (for the review on 
distribution see (Lososová, et al., 2009)). Species of Eurasian-temperate and Western 
Mediterranean chorotypes are the most frequent (Lososová and Grulich, 2009). The two 
selected vegetation types therefore represent somewhat overlapping distribution areas but 
opposing center-edge directions. 
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2.2.4 Species specialization in different vegetation types 
The vegetation plot data represent a valuable opportunity to test co-occurrence based 
specialization level hypotheses since such data consist of species composition of 
homogenous vegetation stands in a (small) limited area. Consequently, they represent actual 
plant communities as formed by a specific combination of environmental factors and biotic 
interactions. Such data have been used previously to analyze weed (Šilc et al., 2014; Šilc, 
2015), grassland (Fajmonová et al., 2013), sand dune (Carboni et al., 2016) or woodland 
species (Marinšek et al., 2015), or a whole flora of a country (Zelený and Chytrý, 2019). 
Analyzing the level of specialization of weed species can be of particular interest due to 
higher levels of disturbance and stochasticity in shaping weed communities in comparison 
to more natural vegetation types (Fried et al., 2010). 
 
3.1.1 Aim of the study 
Our aim in this study is to test the niche breadth change in two groups of weed species along 
a geographical gradient on a continental scale. Using an extensive dataset of vegetation plots, 
we will test the hypothesis: 
 weed species become more specialist at the edge of their distribution area 
(Holzner, 1978; Brown, 1987).  
This is important as specialist species are most vulnerable to environmental changes leading 
to the homogenization of weed plant communities. 
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2.3 CHAPTER 3: GEOGRAPHIC PATTERNS IN ALPHA DIVERSITY OF EUROPEAN 
ANNUAL WEED AND RUDERAL VEGETATION 
 
Latitudinal gradients in species richness are one of the most interesting broad-scale spatial 
variation questions (Hawkins, 2001). The increasing species richness with the decreasing 
distance from the equator in comparable area size has been shown across different 
taxonomical groups and scales (Gaston, 2000; Willig et al., 2003). Plant species richness, 
and as its subset, species richness in man-made habitats, seems to exhibit a similar pattern 
(Glemnitz et al., 2006; Barthlott et al., 2007).  
 
The negative relationship between latitude and species richness in plant species has been 
postulated to stem from the differences in energy availability affecting net primary 
production (Willig et al., 2003). The latter can be expressed as the actual evapotranspiration 
strongly dependent on temperature and precipitation (Currie, 1991; Gaston, 2000), which 
are in turn incorporated in geographical gradients of latitude and longitude together with 
many other primary environmental gradients (Hawkins et al., 2003; Willig et al., 2003). 
 
However, the general pattern of species richness is often disrupted due to other geographical 
and environmental features (Gaston, 2000; Barthlott et al., 2007) and, in the case of 
synanthropic vegetation, also due to intense human activities. Weed vegetation of arable 
fields is highly influenced by crops which are encouraged with agricultural management 
(mechanical measures, herbicide, and fertilizer usage among others) to compete for 
resources, most notably for light, nutrients, and water (Newman, 1973). Synanthropic 
vegetation (ruderal and arable) in general is widespread because of its close connection to 
human settlements and activities, and the sites are subjected to very similar disturbances 
regardless of the geographic position. Being composed of mainly annual species that 
immediately respond to changes in the local conditions and due to the minimized differences 
between sites in different regions, synanthropic plant communities can serve as a model 
habitat type for studying macroclimatic effects on species richness and composition. 
 
For decades, historic processes have been postulated to affect weed species diversity in 
Europe, most notably in cereal crops. Since most cereal crops originated in the general area 
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of the Near East, many of the weed species co-occurring with the crops in that area migrated 
with the expansion of agriculture to Europe (Zohary et al., 2015). Two pathways were 
proposed to designate the direction of the spread of agriculture in Europe: the Mediterranean 
and the Danubian (Jauzein, 1977), though, in any case, it has been implied that with 
increasing distance from the source area of weed species their diversity decreases (Holzner, 
1978). However, recent studies have shown that species composition of weed communities 
is importantly shaped also by species from the regional species pool or from the addition of 
neophytes (Youssef et al., 2020; own unpublished results). The actual (longitudinal) effect 
of the distance from the Near East on weed species richness hasn’t been explored so far. 
 
Annual ruderal vegetation occurs in many different sites (characterized by different 
disturbance regimes – see Sousa, 1984), either soon after the disturbance event (e.g. soil 
heaps, new parking lots) or where frequent and intense disturbance with seasonally 
unfavorable conditions prevents the dominance of perennial species (e.g. trampled sites on 
summer-dry soils). Ruderal sites are inevitably connected with human activities and 
consequently subjected also to high (coincidental) propagule pressure (Von Der Lippe and 
Kowarik, 2007), however, the disturbance is less predictable and of varying intensity. 
Additionally, in this vegetation, species richness and composition are not constrained by 
crop species but rather depend on soil seed bank and interspecific competition, where certain 
species often become dominant (Czarniecka-Wiera et al., 2019; Viciani et al., 2020). As 
opposed to weed vegetation, for annual ruderal vegetation, no important trajectories of 
historic spread have been postulated. 
 
The relationship between large-scale geographic gradients and species richness can be 
investigated on different scales using different diversity types and across different taxonomic 
groups (Willig et al., 2003). Vegetation plot databases provide a unique opportunity for using 
large datasets for assessing plot-scale species richness (point alpha-diversity) of vascular 
plants across large areas (Večeřa et al., 2019). We chose to investigate the diversity of annual 
synanthropic (ruderal and arable) vegetation across the European continent due to its 
interesting historic development, azonal character, and a large number of available 
vegetation plots. 
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2.3.1 Aim of the study 
We hypothesize that 
 species richness decreases with increasing latitude in anthropogenically 
highly disturbed habitats in agreement with global patterns of decreasing 
species richness with increasing latitude;  
 species richness in weed vegetation of cereal crops decreases in the East-West 
direction due to the historic spread of many weed species; 
 species richness patterns differ between different disturbance regimes 
because of different abiotic conditions as imposed by human activities.  
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2.4 CHAPTER 4: DISTURBANCE AND BIOGEOGRAPHY SHAPE NEOPHYTE 
RICHNESS IN EUROPEAN ANNUAL WEED AND RUDERAL VEGETATION 
 
Man-made vegetation grows in habitats subjected to direct human-induced disturbance. It 
comprises weed vegetation on arable land and annual ruderal vegetation such as plant 
communities on waste deposits, in settlements, and along transport networks (Lososová et 
al., 2006; Mucina et al., 2016). These land-use types now cover large areas in Europe, e.g. 
arable land alone almost 25 % according to The World Bank (2020) and are expanding as 
human activities are creating novel habitats. Such habitats are often invaded by alien species 
(Hobbs et al., 2006). Human impact in man-made habitats causes biodiversity decrease and 
spread of alien species that change the species composition of plant communities, and, 
especially in the case of arable land, some of them cause significant economic loss (Pimentel 
et al., 2001; Kowarik, 2008; Vilà et al., 2011). 
 
Man-made (or anthropogenic) habitats are inhabited by plants capable to grow under strong 
and frequent disturbances. Species occurring on arable fields are usually called weeds 
(species growing in places where undesired) and those occurring on waste places are 
indicated as ruderals, with the terms not being exclusive, including alien species outside their 
native distribution range (Essl et al., 2018). The Neolithic expansion of agriculture is known 
as a trajectory of alien species into Europe now known as archaeophytes. Species introduced 
after 1500 AD are called neophytes (Essl et al., 2018), which can be either European or non-
European. 
 
Several previous studies have shown that the level of invasion by alien plants differs to a 
high degree across habitat types (Chytrý et al., 2008; Küzmič and Šilc, 2017) and that 
anthropogenic vegetation is generally richer in neophytes than more natural habitats due to 
strong disturbance. However, man-made habitats in invasion studies are usually considered 
as broad EUNIS categories comprising both arable and urban land, although they are widely 
different from an ecological point of view, and only a few regional invasion studies 
differentiated between narrower man-made habitats (Šilc, 2010). 
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Man-made habitats can be divided into arable land and ruderal habitats based on different 
disturbance regimes. Disturbance differs according to extent, magnitude, frequency, 
predictability, and turnover rate (Sousa, 1984). The variation in disturbance over small areas 
creates patchy habitats of different successional stages and with different species 
composition. Arable land is predictably highly disturbed at least once in a season, while 
disturbance in ruderal habitats is less predictable in time and extent. Additionally, crop type 
in arable fields (cereal vs. row crop) differentiates plant communities by the effects of 
different canopy density, seasonality, and agricultural management (Lososová et al., 2004; 
Mahaut et al., 2020). According to the fluctuating-resource hypothesis (Davis et al., 2000), 
different disturbance regimes (and consequently change in level of competition) affect the 
level of alien species invasion. Densely sown crop plants suppress the establishment and 
growth of weed species (Mahaut et al., 2020), while disturbance and lack of competition 
facilitate the invasion of newcomers. Several ecological factors have been identified 
affecting the level of neophyte invasion in man-made habitats: altitude, temperature, and 
nutrient and light availability (Milbau and Nijs, 2004; Simonová and Lososová, 2008; Jansen 
et al., 2011; Šilc et al., 2012). Nevertheless, on arable land, crop type (Pyšek et al., 2005) is 
the most important factor determining floristic composition and number of alien species, 
while climate plays a role in fine-tuning. Biogeography of plant invasions has been well 
studied but mainly with floristic data from larger areas (Pyšek and Richardson, 2006; Rouget 
et al., 2015; Ronk et al., 2017), which did not allow for distinguishing between habitat types. 
Consequently, biogeographical differences between different man-made habitats were less 
studied (but see Chytrý et al., 2008; Polce et al., 2011; Kalusová et al., 2019). 
 
2.4.1 Aim of the study 
Although arable land and ruderal sites are Europe’s most invaded land use types, the patterns 
of plant invasion within these types have not yet been explored on the continental scale. In 
this study, we used the so far most comprehensive vegetation-plot data from man-made 
habitats to answer the following research questions:  
 what is the level of neophyte invasion on arable land and ruderal sites with annual 
vegetation, 
 what are the biogeographical patterns of plant invasion across Europe, and  
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 what is the effect of management on neophyte invasion levels.   
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3 MATERIAL AND METHODS 
 
3.1 CHAPTER 1: CLASSIFICATION OF ANNUAL WEED AND RUDERAL 
VEGETATION 
 
3.1.1 Literature review 
For the review part, we consulted the relevant European phytosociological literature, mostly 
works with national or at least regional importance, paying attention to the scope of the work 
– they had to include weed as well as annual ruderal vegetation for us to see the relations 
between them. We checked the national and regional prodromes of vegetation types to verify 
the adopted concepts (see Figure 4). 
 
3.1.2 New classification 
Dataset 
Data collection – The data analyzed in this study were obtained from European Vegetation 
Archive (EVA; Chytrý et al., 2016), including the European Weed Vegetation Database 
(EWVD, GIVD: EU-00-028; Küzmič et al. (2020)) built for the purpose of this and further 
studies. For the list of contributing databases, see Annex A. The plots from EVA were 
selected using an Expert System based on a species list characterizing the four target 
vegetation classes from EuroVegChecklist (Mucina et al., 2016). Plots assigned to four 
classes with weed and annual ruderal vegetation (Papaveretea rhoeadis, Chenopodietea, 
Sisymbrietea, and Digitario sanguinalis-Eragrostietea minoris) were retained. This original 
dataset consisted of 84,185 plots and 14,102 taxa, covering the whole of Europe, including 
the European part of the Russian Federation and the Canary Islands but excluding Turkey 
due to the low number of plots. 
 
Nomenclature – Nomenclature was corrected and unified to correspond to the Euro+Med 
PlantBase taxonomic backbone (www.emplantbase.org; accessed August 2018). Only 
vascular plants were retained, while bryophytes, lichens, fungi, and algae were deleted since 
they are rarely recorded and do not play an important role in weed vegetation classification. 
Taxa recorded at the genus or family level were also deleted. Taxa on the subspecific level 
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were merged to the species level. Some taxonomically problematic species (e.g. Taraxacum 
spp. and Achillea spp.) were merged into aggregates following mostly concepts in 
Euro+Med, Ehrendorfer et al. (1967) and Martinčič et al. (2007). 
 
Data »cleaning« - In order to exclude possible non-target vegetation types, we performed 
hierarchical clustering (Bray-Curtis dissimilarity, flexible ß -0.25 linkage method, cover-
abundance logarithmically transformed). Cluster at low level (below 50 clusters) using three 
types of indicator species groups (Diagnostic, Constant, and Dominant (Chytrý and Tichý, 
2003)). If there was no indication of plots of the target phytosociological classes according 
to any of the species groups, plots from the respective cluster were deleted (mostly 
vegetation types corresponding to classes Molinio-Arrhenatheretea, Polygono-Poetea, 
Epilobietea angustifolii). Our decisions on excluding clusters were largely conservative at 
this step in order not to miss any target vegetation type. Additionally, all plots where rare 
species (occurrence 3 or less in the whole dataset) constitute more than 20 % of all species 
were checked individually, resulting in the deletion of 69 plots of non-target vegetation plots. 
Finally, all species with frequency 3 or less were deleted to reduce the noise in the 
subsequent analyses. The final dataset comprised of 4068 taxa. 
 
Crop species – Crops (species known to be grown as crops) were deleted above a certain 
threshold, depending on the type of crop, to avoid their influence on the clustering analyses. 
The threshold values were selected based on the examination of plots with the crop species 
recorded. For the list of species and their threshold values, see Annex B. 
 
Geographical stratification – To reduce the number of plots in the oversampled areas 
(Knollová et al., 2005), we first stratified the plots in a grid with 7.5' latitude and 12.5' 
longitude cells (plots without coordinates were previously omitted). Per each cell, 12 plots 
were selected using heterogeneity constrained random resampling (Lengyel et al., 2011). 
The rest were discarded. This step resulted in 29,668 plots and 2894 taxa. 
 
Additional information - As all plots in the final dataset had assigned geographical 
coordinates, we assigned them a Biogeographical region according to EEA (2016). From a 
database of weather and climatic data (Fick and Hijmans, 2017), we extracted information 
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for 19 Bioclimatic variables and Altitude (the latter was missing in the original dataset for 
many plots). For the extraction of information based on geographical coordinates, we used 
ArcGIS software (ArcGIS 10.4, 2015). Additionally, for every plot, we included the 
information on the type of disturbance (if available) in three categories: “cereal,” “row crop,” 
and “ruderal.” For details, see chapter 3.4 and Annex O. 
 
The reorganization of the tables was performed in JUICE software (Tichý, 2002) and dplyr 
package in R (Wickham et al., 2019). 
 
Clustering analyses 
In order to identify expected alliances of the four target classes in the resampled dataset (to 
aid the interpretation of the main clusters in our results), in the first step, we explored our 
dataset using several individual unsupervised clustering analyses with varying methods and 
varying parameters: agglomerative hierarchical clustering methods (Euclidean distance & 
Ward linkage, Bray-Curtis dissimilarity & several flexible ß linkages), and divisive 
clustering methods original TWINSPAN (Hill, 1979; pseudospecies 0, 5, 25 cover cut levels) 
and k-means (10 starting centroids, 100 starts, varying number of clusters). We examined 
individual clusters at different levels (different number of clusters per clustering analysis) in 
terms of species composition and distribution maps. We found that, at 100 clusters, most of 
the expected vegetation types (on alliance level according to Mucina et al. (2016)) could be 
detected, and the cluster identities were largely consistent in species composition. Two 
clustering schemes using two opposing approaches yielded highly analogous division on 100 
clusters: hierarchical clustering (Bray-Curtis dissimilarity, flexible ß -0.25 linkage, 
logarithmic species cover transformation) and k-means (10 plots for starting centroid, 10 
starts, square–root species cover transformation). We opted for the results from the 
hierarchical clustering because it is more commonly used (e.g. Novák et al., 2020). To 
identify vegetation types (approximately at the level of alliances) detectable in the dataset 
on a continental scale, we examined the 100 clusters (termed basic 100 clusters) in detail. 
We compared their diagnostic, constant, and dominant species composition (Chytrý and 
Tichý, 2003) and distribution maps with descriptions of vegetation types in literature. We 
ascribed a provisional alliance identity to each cluster (Annex F). If we assumed more than 
one alliance was represented by a particular cluster, we divided it into subclusters. Finally, 
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we checked the list of alliances in Mucina et al. (2016) and assessed the non-confirmed 
alliances from the four target classes of weed and ruderal vegetation with a brief description 
of possible reasons. 
 
Figure 1: Generalized scheme of the clustering analyses comprising of the first step with clustering of 
vegetation plots and the second step with clustering of 100 synoptic columns to obtain main clusters. 
Slika 1: Posplošena shema analize razvrščanja, ki zajema prvi korak, v katerem smo ravrščali vegetacijske 
popise v večje število skupin, in drugi korak, v katerem smo razvrščali sto sinoptičnih tabel (oziroma stolpcev) 
z namenom, da ugotovimo glavne skupine. 
 
In the second step of classification, to assess the optimal number of only a few high-level 
clusters (approximately with the level of a phytosociological class) indicating main 
vegetation types, we produced 100 synoptic constancy columns from the basic 100 clusters 
obtained in the aforementioned hierarchical classification. These 100 clusters represented 
the main detectable vegetation types comprehensively and concisely (cf. Matevski et al. 
(2018) and Goncharenko et al. (2020)) and enabled the following analyses to be performed 
in real-time due to smaller data size. They were again subjected to the following clustering 
analyses: hierarchical agglomerative clustering (i) Euclidean distance with Hellinger 
transformation & Ward linkage and ii) Bray-Curtis dissimilarity & flexible ß -0.25, no data 
transformation) and non-hierarchical divisive clustering (partitioning around medoids with 
Bray-Curtis dissimilarity). The clustering analyses were performed using package cluster in 
R (Maechler et al., 2019), partly through JUICE software (Tichý, 2002). To determine the 
optimal number of clusters for each resulting clustering scheme, three internal validation 
indices were used to assess clustering validity for each possible number of clusters (2–100): 
average silhouette width (Rousseeuw, 1987), Pearson version of Hubert’s gamma coefficient 
(Hubert and Schultz, 1976), and the ratio between average distance within clusters and 
average distance between clusters. Indices were calculated using the package fpc in R 
(Hennig, 2020). Their values were plotted against the number of clusters to determine the 
optima. The resulting clusters were characterized by three groups of indicator species: 
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diagnostic (phi coefficient > 0.17 for species with non-significant occurrence concentration 
in the cluster after Fisher’s exact test - p < 0.001) (Chytrý et al., 2002), constant (frequency 
in the cluster > 10 %), and dominant (frequency of plots in a cluster where the species reaches 
cover 15 %) (Chytrý et al., 2002; Chytrý and Tichý, 2003). The thresholds were chosen 
arbitrarily according to the overall values in the clusters in order to best represent the 
resulting clusters. The sizes of all clusters were virtually equalized prior to the calculation 
of fidelity (Tichý and Chytrý, 2006). 
 
Ordination 
To identify main factors characterizing the resulting clusters obtained by the unsupervised 
classification, we plotted vegetation plots of the stratified dataset on a detrended 
correspondence analysis (DCA) diagram (vegan package in R (Oksanen et al., 2008)) with 
passively projected following variables: i) disturbance type, ii) biogeographical region, iii) 
geographical longitude and latitude, and iv) a number of bioclimatic variables. 
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3.2 CHAPTER 2: ECOLOGICAL NICHE BREADTH CHANGES ALONG THE 
CONTINENTAL GRADIENT IN EUROPEAN WEED SPECIES 
 
3.2.1 Selection of regions 
In accordance with the Danubian route hypotheses of weed species migration from the Near 
East to Europe along with the spread of agriculture (Jauzein, 1977) and with both proposed 
environmental gradients (oceanic–continental climate, i.e. West-East and hot–cool summers, 
i.e. South-North) (Holzner, 1978), we selected a SE-NW gradient across Europe spanning 
about 3200 km. Dataset for plot selection was obtained from the European Weed Vegetation 
Database (Küzmič et al., 2020) and the European Vegetation Archive (Chytrý et al. 2016). 
To qualify for the selection, plots had to be assigned to any one of four phytosociological 
classes comprising weed and annual ruderal vegetation - Papaveretea rhoeadis, 
Chenopodietea, Sisymbrietea, and Digitario sanguinalis-Eragrostietea minoris (Mucina et 
al., 2016). Based on the availability of plot data, we chose three regions along the geographic 
gradient, each comprising a circular area with a diameter of 300 km (Figure 2). We will refer 
to these regions as GR (comprising the southern part of the Balkan peninsula), CE 
(comprising the northern part of the Balkan peninsula and southern Central Europe), and 
NW (comprising parts of the Netherlands, northern Germany, and Denmark). We performed 
the plot selection in GIS software (ArcGIS 10.4, 2015). General characteristics of the three 
subsets are summarized in Table 1. 
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Figure 2: Map of Europe with Biogeographical regions according to EEA (2016). The full black line represents 
the selected gradient along the Danubian migration route, empty black circles on the line represent the three 
subsets of plots within a 300 km buffer zone, and small full blue circles represent individual vegetation plots. 
Slika 2: Zemljevid Evrope z biogeografskimi regijami, kot so opredeljene v EEA (2016). Polna črna črta 
predstavlja izbrani gradient, ki teče vzdolž donavske migracijske poti, prazni črni krogi na tej črti predstavljajo 
tri nabore popisov znotraj 300-kilometrskega cone okrog središča kroga, medtem ko majhni modri krogi 
predstavljajo posamezne popise. 
 
Table 1: Basic characteristics of the three subsets. 
Preglednica 1: Splošne značilnosti treh naborov popisov. 
Dataset Latitude Longitude 
Average 
annual 
temperature 
(C) 
Average 
annual 
precipitation 
(mm) 
Nr. of 
relevés 
Species 
pool 
Species/plot 
(average) SD 
NW 53.066 9.886 8.70.6 715147 8550 807 19.23 8.07 
CE 46.595 16.664 9.12.3 883356 9033 1260 20.69 9.76 
GR 39.944 21.776 11.93.2 727238 1297 1253 24.15 14.46 
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3.2.2 Selection of species 
We determined the species characteristic for Caucalidion and Scleranthion alliances on the 
basis of a vegetation classification procedure aimed at a reassessment of vegetation 
classification scheme on the continental scale (Chapter 1). Classification was performed 
using a large dataset obtained from the European Vegetation Archive and the European 
Weed Vegetation Database (Chytrý et al. 2016; Küzmič et al. 2020). For detailed 
classification methods, see chapter 3.1.2. For clusters corresponding to the two alliances, 
diagnostic species were determined using a fidelity index phi (Chytrý et al., 2002), which 
assesses the concentration of occurrences of every species in the corresponding cluster in 
comparison to other clusters in the classification scheme. We set the threshold at phi=0.1. 
The species common to all three regions were identified as shown in Table 5 and Annex G. 
These species were frequently identified as characteristic species for the two vegetation 
types in several literature sources which dealt with weed vegetation classification on regional 
scales (Šilc et al., 2008; Lososová, et al., 2009; Kącki et al., 2014). Caucalidion species in a 
previous study of weed species specialization were determined with a comparable method 
(Šilc et al., 2008, 2014; Lososová, et al., 2009). Data (re)organization, unification, 
classification, and calculation of phi index were done in JUICE software (Tichý, 2002). 
 
3.2.3 Degree of specialization/generalization 
To assess the degree of specialization of a species, we calculated the theta value as proposed 
by Manthey and Fridley (2009) with Whittaker’s beta index. Several beta diversity indices 
have been proposed for assessing niche breadth (Whittaker, 1960; Fridley et al., 2007; 
Manthey and Fridley, 2009; Zelený, 2009). Since they give similar results (Boulangeat et 
al., 2012) and in order to achieve comparability with a previous study (Šilc et al., 2014), we 
used Whittaker’s beta diversity index (Whittaker, 1960). Recently, Zelený and Chytrý 
(2019) further recommended the use of this particular index. In our case, for every species 
with a minimum frequency of 10, the calculation procedure randomly selected 10 plots 
where the species occurs and calculated the index value. In this way, the differences in the 
species frequencies in the dataset are avoided because every species’ index value is 
calculated from the same number of plots. These steps were repeated 100 times and the 
average theta value is reported. Because the theta index itself is influenced by the size of the 
individual subset, for further analyses, we ranked the selected species and calculated their 
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rank ratio values (rank divided by the maximum rank) for standardization. The calculation 
of theta values was done using the script used in Botta-Dukát (2012). 
 
3.2.4 Statistical analyses 
To detect differences in the degree of specialization along the geographic gradient, we 
performed repeated measures ANOVA. Repeated measures analysis, in comparison to basic 
ANOVA, takes into account the individual values in different groups that belong to the same 
entity (Field, 2005). Usually, this analysis is used at a temporal scale (e.g. before and after a 
treatment), however, in our case, we analyze differences on the spatial scale under the 
premise that a particular species in one region is the same entity as the same species in 
another region. Normality of data distribution was assessed with Shapiro-Wilk’s test using 
shapiro.test function in the package stats (R Development Core Team, 2019). See also 
Annex H. For the repeated measures ANOVA, an assumption of sphericity (analogous to the 
assumption of normality of data distribution in regular ANOVA) has to be met. We assessed 
it using the Mauchly’s test of sphericity (Girden, 1992; Field, 2005), and if the assumption 
of sphericity was violated, we used the Greenhouse-Geisser correction in the calculation of 
repeated measures ANOVA (Field, 2005). We performed the analyses using function Anova 
in the car package (Fox and Weisberg, 2019). Post hoc analyses were performed to check 
for pair-wise differences between regions, using the pairwise_t_test function in the package 
rstatix in R (Kassambara, 2020). 
 
For assistance with data interpretation, we included data on chorology of the selected species 
from (Pignatti, 2005), characterized phytosociological classes (Mucina et al., 2016), and 
whether the species is a facultative or obligate weed (Youssef et al., 2020). 
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3.3 CHAPTER 3: GEOGRAPHIC PATTERNS IN ALPHA DIVERSITY OF EUROPEAN 
ANNUAL WEED AND RUDERAL VEGETATION 
 
3.3.1 Dataset 
For sources of vegetation plots for the analysis, data standardization, and subsetting, see 
chapter 3.1.2. The explanatory variables disturbance type and biogeographical region are 
also obtained from the same dataset. 
 
In addition to the dataset above, to reduce the effect of the plot size on species richness, we 
removed plots with no information on plot size, plots with sizes below 25 m2 and above 200 
m2 for cereal and row crop categories, and below 5 m2 and above 100 m2 for the ruderal 
category because ruderal vegetation frequently occurs on smaller patches. This yielded a 
dataset of 9195 plots. Despite the data filtering, positive correlation between plot size and 
species richness was found – low for cereal and row crop categories and high for the ruderal 
category (Annex J), but due to the size of the dataset, we could not restrict the plot size 
further. For the same reason, we did not apply temporal restrictions or subsetting (Annex K), 
although temporal changes have been detected in weed vegetation (Richner et al., 2015). 
 
3.3.2 Statistical analyses 
To test the correlation between species richness and latitude and longitude, we calculated 
Spearman’s rank correlation coefficient rho using the package ggpubr in R (Kassambara, 
2019). For visual representation, we plotted species richness against latitude and longitude 
with linear regression line and local polynomial regression fitting as a smoother, using 
package car in R (Fox and Weisberg, 2019). We also compared fitting of four models (linear, 
quadratic, cubic, and quartic polynomials) for the correlation for three disturbance types 
separately by calculating AIC (Akaike information criterion), using function lm in package 
stats and function compareLM in package rcompanion (R Development Core Team, 2019; 
Mangiafico, 2020). For the correlation of species richness and longitude, we excluded data 
with longitude higher than 30 degrees (mostly Russian Federation) due to the small number 
of very distant plots, comprising almost exclusively plots in cereal crops. 
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3.4 CHAPTER 4: DISTURBANCE AND BIOGEOGRAPHY SHAPE NEOPHYTE 
RICHNESS IN EUROPEAN ANNUAL WEED AND RUDERAL VEGETATION 
 
3.4.1 Data compilation 
We compiled a dataset of 84,185 vegetation plots of weed and annual ruderal vegetation, 
corresponding to four phytosociological vegetation classes Papaveretea rhoeadis, 
Chenopodietea, Sisymbrietea, and Digitario sanguinalis-Eragrostietea minoris (Mucina et 
al., 2016). The plots were obtained from the European Vegetation Archive (Chytrý et al., 
2016) and the European Weed Vegetation Database (Küzmič et al., 2020). For the list of all 
contributing databases, see Annex N. 
 
Each plot with geographic coordinates (N=70,586) was assigned to one of the following 
biogeographical regions defined by the European Environment Agency (EEA 2016): Alpine 
(ALP), Atlantic (ATL), Black Sea (BLS), Boreal (BOR), Continental (CON), Macaronesian 
(MAC), Mediterranean (MED), Pannonian (PAN), and Steppic (STE). Plots with no 
coordinates but with the information on the country (N=1095) were assigned to the 
corresponding biogeographical region if the country was entirely embedded within one 
region (ATL – United Kingdom, Ireland, The Netherlands; BOR – Lithuania, Latvia, 
Estonia, Finland; MED – Greece, Malta; PAN – Hungary). Finally, plots without 
coordinates, or country, or with a given country but lying in more than one biogeographical 
region (N=12,504) were excluded. 
 
Plots with information on the habitat were classified into three broad groups defined by the 
disturbance as management types (see Annex O) named: “Cereal,” “Row crop,” and 
“Ruderal.” To distinguish the cereal and row crop categories, we followed the approach of 
Lososová et al. (2004), who defined the former as arable land with no soil disturbance after 
initial agrotechnical measure (e.g. cereals, stubbles, and fallows) and the latter as a 
management type characterized by repeated disturbances such as hoeing, weeding, or tilling 
during crop growth (e.g. row crops, vegetables, vineyards, orchards). The ruderal vegetation 
is found on human-disturbed sites on wasteland, along roads, and in urban settlements with 
varying disturbance characteristics (Sousa, 1984). The key to merging the original categories 
is in Annex O. 
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Figure 3: Number of available vegetation plots of annual ruderal and weed vegetation a) in the original dataset 
per country (left; N=84,185) and b) in the resampled dataset per biogeographical region (right; N=12,889). 
Slika 3: Število dostopnih vegetacijskih popisov enoletne plevelne in ruderalne vegetacije a) v začetnem naboru 
popisov po državah (N=84.185) in b) v ponovno vzorčenem naboru popisov po biogeografskih regijah. 
 
Table 2: Non-resampled and resampled datasets with numbers of vegetation plots for each region and 
management type. Invaded plots comprise only plots with at least one neophyte present. For the resampled 
dataset, there is a maximum of 1000 plots per region, and management type combination was retained. 
Preglednica 2: Število vegetacijskih popisov (levo: v naboru popisov brez ponovnega vzorčenja in desno: po 
njem) po biogeografskih regijah in tipih upravljanja oz. motenj. Popisi s tujerodnimi vrstami predstavljajo 
popise z vsaj enim zabeleženim neofitom. Pri ponovnem vzorčenju smo za vsako kombinacijo dejavnikov 
(biogeografska regija in tip upravljanja oz. motnje) obdržali najveć 1000 popisov. 
 
The numbers of available plots differ among regions and management types due to various 
reasons: i) different methods of sampling (Boreal region), ii) non-digitized or unavailable 
data (Steppic region), iii) different representation of habitats across regions (less arable land 
in Boreal and Atlantic regions) (Chytrý et al., 2009). 
 
 
 
Region Cereal Row crop Ruderal Cereal Row crop Ruderal Cereal Row crop Ruderal Cereal Row crop Ruderal
Alpine 1161 805 199 790 618 150  1000 805 199 790 618 150
Atlantic 1418 439 556 1064 321 372  1000 439 556 1000 321 372
Boreal 881 154 40 336 64 35  881 154 40 336 64 35
Continent
al 
12525 3831 3631 7263 3082 2826  1000 1000 1000 1000 1000 1000
Mediterra
nean
718 330 1613 191 247 546  718 330 1000 191 247 546
Pannonia
n
1968 730 845 1506 641 723  1000 730 845 1000 641 723
Steppic 39 105 37 39 96 31  39 105 37 39 96 31
Sum 18710 6394 6921 32025 11189 5069 4683 20941 5638 3563 3677 12878 4356 2987 2857 10200
All plots Invaded plots All plots Invaded plots
Non-resampled dataset Resampled dataset
a b 
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3.4.2 Data cleaning and filtering 
The nomenclature was corrected and unified according to the Euro+Med PlantBase 
(Euro+Med, 2018). Only vascular plants were retained, while bryophytes, lichens, fungi, and 
algae were deleted, since they are rarely recorded in arable and ruderal vegetation. Crops 
(species known to be grown as crops) were deleted above a certain threshold of percentage 
cover (Annex B) depending on the crop type to exclude records of likely cultivation and 
retain records of likely spontaneous occurrence. 
 
In the following sections, we refer to two different datasets: i) non-resampled dataset, which 
comprises all plots with assigned management type and biogeographical region (Table 2; 
N=32,036 plots) and ii) resampled dataset, where a maximum of 1000 plots was retained for 
each combination of region and management type (Table 2; N=12,889). Additionally, when 
only plots with neophyte species present were considered (Figure 19 andFigure 20), they 
were resampled again in the same way (Table 2; N=10,211). We resampled plots within 
strata defined by region and management type combinations to reduce the number of plots 
in oversampled regions. We performed heterogeneity-constrained resampling (Lengyel et 
al., 2011) to avoid oversampling of certain management types in particular regions. For the 
resampling, percentage cover values were square-root transformed, and the Bray-Curtis 
dissimilarity index was used as a dissimilarity measure. 
 
3.4.3 Alien status assessment 
We assessed the neophyte vs. native (incl. archaeophytes) status for each taxon per country 
combination, using data from the Euro+Med PlantBase (Euro+Med, 2019) as a baseline and 
a selection of recent national and regional checklists (Annex P) to fill gaps or change the 
status. Where the status was unclear, we took into consideration the status in the surrounding 
countries or consulted local specialists. In the case of absence of a species from a neophyte 
checklist, the reason can be either that it is not considered as a neophyte in the country, that 
it was not assessed (due to extreme rarity or very recent introduction/immigration), or that it 
does not occur in the country. We distinguished only the neophyte species as alien while 
keeping archaeophytes merged with the native species because, for many countries, critical 
assessment of archaeophytes is still missing (Brun, 2009; Bergmeier and Strid, 2014; Ecseri 
32 
Küzmič F. Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
and Honfi, 2020). We included species as neophytes irrespective of their naturalization status 
(naturalized and casual neophytes species). 
 
We treated hybrid taxa on a case by case basis. If one of the parent taxa was neophyte, we 
considered the taxon as neophyte (see e.g. Celesti-Grapow et al. (2009); Essl et al. (2018)). 
Taxa at the genus level were classified either as neophyte or native if the available data 
suggested all possible species would be neophyte or native to the country, respectively. 
Otherwise (the majority of cases), the taxon was left unclassified and excluded from the 
analyses. 
 
Every species was also assigned the area of origin with three possible categories: Europe 
(including the Caucasus), outside Europe (comprising all other continents), and uncertain 
origin (comprising mostly some of the old crop species). 
 
To enable comparisons between larger areas with contrasting environments and to increase 
the sample sizes and representativeness of the results, we merged the assessments on a 
country by country basis to a biogeographical region level according to the European 
Environmental Agency (EEA, 2016). If a species had different a status in two countries in 
the same biogeographical region, we considered it native. The Black Sea region and 
Macaronesia were excluded from the final analyses due to few available plots. If a species 
was assigned both the neophyte and native status in one biogeographical region, the native 
was retained to avoid overestimation of the neophyte proportions in geographically marginal 
areas. 
 
3.4.4 Statistical analyses 
We assessed the level of invasion by neophytes using two metrics: i) absolute and relative 
neophyte species richness in the cumulative number of all species and ii) the mean relative 
neophyte species richness per plot (the number of neophyte species divided by the total 
number of species in a plot), both assessed with respect to management type and region 
(Catford et al., 2012; Wagner et al., 2017; Giulio et al., 2020). For the assessment of the 
level of invasion of all neophytes, we used the resampled dataset (Table 2; N=12,889), while 
for the assessment of the differences in the level of invasion between European and non-
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European groups of neophytes, we used the resampled dataset of invaded plots (Table 2; 
N=10,211). For the neophyte groups of the resampled dataset, we tested the data for 
normality of distribution (Shapiro-Wilk test in the rstatix package; Kassambara (2020); and 
normal QQ plots in the ggpubr package; Kassambara (2019)) and homogeneity of variance 
(Levene’s test in the car package; Fox and Weisberg (2019). Since the assumptions were at 
least partly violated due to skewed distribution (even after logarithmic transformation), we 
performed the Kruskal-Wallis rank sum test in the stats package (R Development Core 
Team, 2019) to detect differences among groups. For post hoc analyses, we used the pairwise 
Wilcoxon rank sum test with Bonferroni correction in the stats package. 
 
In order to assess how well our dataset represents the actual species richness and to find the 
differences between the categories of variables, we employed interpolation and extrapolation 
analysis, using package iNEXT in R (Hsieh et al., 2016). Rarefaction and extrapolation 
analyses enabled us to compare samples with different sizes or with different completeness 
levels. There are two methods to standardize different samples (=a set of plots within a 
category) – either by sample size or by sample completeness. When selecting the species 
richness estimation at a given sample completeness, the comparison is based on a 
community's characteristic rather than the surveyor's sampling efforts, and we can 
meaningfully compare these richness values and assess their (non)significant differences 
(Chao and Jost, 2012). To a certain degree, we can overcome the issue of discrepancy 
between regional sample size and region size. For our dataset, we compared the species 
richness estimations at the completeness level reached by the smallest sample before 
extrapolation and considering a 95 % confidence interval. We also plotted the extrapolation 
curves to visualize the completeness of the sample and the species richness as the function 
of the sample size and sample completeness. 
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4 RESULTS 
 
4.1 CHAPTER 1: CLASSIFICATION OF ANNUAL WEED AND RUDERAL 
VEGETATION 
 
4.1.1 History of weed vegetation classification 
We reviewed important historical and most recent phytosociological works (the latter 
presented in Figure 4) and found a considerable level of variability in the classification of 
weed and annual ruderal vegetation in time on the highest levels of hierarchy, i.e. classes, 
subclasses, and orders. Nevertheless, certain key factors appear repeatedly in the different 
schemes, i.e. biogeography, management or disturbance type, and soil reaction. In the next 
subchapters, we present the main concepts and their supporting arguments. 
 
One, two, or four classes? 
Class is the highest unit in the vegetation classification system, which implies that the main 
differences between broad vegetation types are to be reflected on this level. The number of 
classes that comprise (mainly or partly) weed and annual ruderal vegetation has been 
changing throughout the history of vegetation research due to the ever-growing number of 
studies, new available statistical analyses, as well as a geographically ever broader overview 
of these vegetation types, but it always depended on the study area and different factors that 
researchers deemed important. 
 
From the 1950s on, plant communities of annual species on disturbed sites were classified 
in different ways. Firstly, one class (Stellarietea mediae) comprised communities but only 
for the Eurosiberian region (Tüxen, 1950). Also already in the 50s of the 20th century, 
propositions were made to divide this vegetation into two parts according to crop type 
(Braun-Blanquet et al., 1952). In the 70s, another view emerged, to distinguish communities 
of cultivated land from the ruderal ones (Gutte and Hilbig, 1975). In the 90s, concepts 
coexisted (Figure 4), and recently, a new approach with 4 classes gained attention (Mucina 
et al., 2016). This short historical overview is elaborated in more detail in the chapters below. 
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Figure 4: Different concepts of annual weed and ruderal vegetation classification adopted in European 
countries or larger regions. 
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Slika 4: Različni koncepti razvrščanja enoletne plevelne in ruderalne vegetacije kot so zastopani v različnih 
evropskh državah ali večjih regijah. 
 
A unifying concept of one class 
In the early beginnings of phytosociology, Braun-Blanquet et al. (1936) classified 
communities of nitrophilous species on arable fields, summer-dry watercourse banks, first 
(drift) line of coastal vegetation, ruderal, trampled ground, and forest clearings into one class 
Rudereto-Secalinetea Br.-Bl. et al. 1936. Later, Braun-Blanquet & Tüxen (1943) conserved 
this syntaxon in their overview of the Central European higher syntaxa. Due to evident 
floristic and ecological differences, Tüxen (1950) later divided these vegetation types into 
several newly formed classes, out of which Stellarietea mediae comprised communities of 
annual vegetation on arable land and ruderal stands near human settlements, however, they 
limited the class to the Eurosiberian region due to the absence of characteristic species from 
the Mediterranean. Later on, Nezadal (1989) for the Mediterranean part of the Iberian 
peninsula and Hüppe and Hofmeister (1990) for Germany argued that only one class (namely 
Stellarietea mediae Tx., Lohm. et Preising in Tx. 1950) is enough and appropriate due to 
many species in common between winter weed, summer weed, and annual ruderal 
vegetation. The similarities were postulated to come from agricultural intensification 
(liming, fertilizing, herbicide application, etc.), which leads to floristic homogenization 
(Nezadal, 1989; Ellenberg, 2009). Additionally, the similarity between weed communities 
of different crop types in western and northern Europe could stem from the geographical 
distance from the origin of many cereal weed species, i.e. Near East (Holzner, 1978) or from 
a shorter vegetation season, which causes an overlap of the two crop types’ growing seasons 
(Hüppe and Hofmeister, 1990). Accordingly, the concept of one class comprising weed and 
annual ruderal vegetation was most commonly adopted in Central, Western, and Northern 
Europe (e.g. Mucina (1993), Rodwell et al. (2000), Stepanović (2006), Lososová et al. 
(2009), Šilc and Čarni (2012), Kącki et al. (2014); Figure 4). 
 
Variants of separation into two classes 
Braun-Blanquet et al. (1952), soon after the overview of Eurosiberian Europe’s syntaxa by 
Tüxen (1950), introduced a new concept in the case of Mediterranean France – instead of a 
broad class of Stellarietea mediae Tüxen, W. Lohmeyer & Preising ex von Rochow 1951, 
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they introduced two classes: Secalinetea Br.-Bl. 1952 (vegetation of cereal crops and flax 
fields) and Chenopodietea Br.-Bl. 1952 (vegetation of row crops and ruderal vegetation but 
including also periodically flooded vegetation, perennial ruderal vegetation, and some other 
types). He retained this division also in the prodrome of south European and west 
Mediterranean plant communities 20 years later (Braun-Blanquet, 1974). 
 
Until the late 50s, the accumulation of new data from new regions lead phytosociologists 
from Central and Northwestern Europe to construct a new synsystem of higher syntaxa (to 
the alliance level) (Lohmeyer et al., 1962). In the proposed scheme, they classified weed 
vegetation into two classes: i) Secalinetea Br.-Bl. 1951 that comprised weed vegetation of 
annual crops (mostly cereal crops) and ii) Chenopodietea Oberd. em Lohm., J. et R. Tx. 
1961 for weed, and annual ruderal (Sisymbrion) and perennial ruderal (Onopordion acanthii) 
vegetation. They did, however, point out that consensus regarding the further division of the 
Chenopodietea class and regarding whether to include the Onopordion alliance hadn’t been 
met. 
 
This separation, based on crop type, remained in use throughout the 90s, for example in 
Oberdorfer’s overview of plant communities in Southern Germany (1993b), where he again 
argued that the floristic differences between weed vegetation of winter crops (Secalietea Br.-
Bl. 1952) and vegetation of row crops (and summer cereals and recent ruderal sites) 
(Chenopodietea Br.-Bl in Br.-Bl. et al. 1952) are large enough. The differentiation between 
communities of winter and summer crops in the floristic sense is not as much a consequence 
of crop type as it is a consequence of abiotic factors, such as temperature (which is higher in 
the summer crops), which enables growth of weed species demanding higher temperatures 
for germination (Ellenberg, 2009, p. 629). 
 
In agreement with this view, Nezadal (1989), in his vast study of weed vegetation of the 
Mediterranean Iberian Peninsula, argues that weed vegetation should be unified in one class 
Stellarietea mediae Tx., Lohm., Prsg. 1950 ex von Rochow 1951 (due to frequent occurrence 
of Sisymbrietalia species in the winter cereal fields with predominantly Secalietea species), 
but at the same time agrees with dividing it into two subclasses Secalienea cerealis Br.-Bl. 
ex Riv.-Mart. 1987 ined. and Chenopodienea muralis Br.-Bl. ex Riv. Mart. 1987 ined. due 
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to evident differences between cereal and row crops. This distinction, based on the 
classification of Rivas-Martínez (1987), is, however, not exclusively based on crop type but 
also the geographical distribution of syntaxa. The first subclass encompasses communities 
of cereal fields and most of the row-crop fields of the Eurosiberian part of Europe. The 
second subclass encompasses row-crop fields of the Mediterranean region and the annual 
ruderal communities. Similar classification with annual ruderal and thermophilous weed 
communities of Eragrostietalia in one subclass was used also in Romania (Oprea and Sîrbu, 
2012) and Hungary (Borhidi et al., 2012) (Figure 4). Classification in two subclasses is still 
used in the latest synsystematic and syntaxonomic overview of vegetation of the Iberian 
peninsula (Rivas-Martínez et al., 2001), however, all weed communities (cereal and row 
crop, Mediterranean and temperate) are classified in one subclass and all annual ruderal 
communities in the second one. A similar division was adopted in other southern European 
countries, e.g. Italy (Biondi et al., 2014) and Portugal (Costa et al., 2012) (Figure 1). 
 
Classification into two classes has been adopted also in certain Italian studies. In Brullo et 
al. (2001), they described a new class Papaveretea rhoeadis, mostly as a nomenclatural 
correction to a similar class Secalietea Br.-Bl. et al. 1952, which hadn’t been described 
according to the International Code of Phytosociological Nomenclature (phytosociological 
tables in the original description do not contain species from the genus Secale). The class 
Papaveretea rhoeadis Brullo et al. 2001, therefore, includes weed communities of cereals in 
the Mediterranean and the Eurosiberian region that are (more notably in the Mediterranean) 
floristically and ecologically different enough in comparison to communities of nitrophilous 
annual vegetation in row crops and ruderal places. They included weed vegetation of row 
crops into Stellarietea mediae R. Tx., Lohmeyer & Preising ex von Rochow 1951 (Brullo et 
al., 2001). 
 
This classification has been used also in the conspectus of weed vegetation on Sicily (Brullo 
et al. 2007), while Mucina et al. (2016) applied the class Papaveretea rhoeadis (with the 
same author citation) for the vegetation of fields, gardens, and vineyards in cooler temperate 
and boreal areas (although also south European communities of Gladiolo italici-Ridolfietalia 
segeti Mucina ined. have been included). With this system, Mucina et al. (2016) changed the 
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so far most common distinction between communities of cereal crops on one hand and 
communities of row crops and ruderal stands on the other. 
 
From the 1970s on (Gutte and Hilbig, 1975), the third emerging option (besides one class or 
two classes based on cereal or row crops) became the separation of weed communities (in 
cereal as well as row crops) from ruderal ones (annual ruderals on drier sites – Sisymbrietea). 
This separation distinguishes between sites with regular disturbances and sites with irregular 
or occasional disturbances. Dengler (2003) writes that based on data for plant communities 
of Mecklenburg-Vorpommerns (Berg et al., 2004), it is possible to divide “weed” vegetation 
into two parts - Stellarietea mediae s.str. and Sisymbrietea. He believes the division of weed 
and ruderal plant communities is especially well supported considering i) the problematic 
unbalance between vegetation class sizes (large, like Stellarietea mediae s.l. or Querco-
Fagetea and small, e.g. Spartinetea maritimae) and ii) since (according to the vegetation 
data considered) the number of species in common to both vegetation types is not as large 
as frequently mentioned in the literature. The class Sisymbrietea Gutte & Hillbig 1975 has 
become especially often adopted in the Central and Western European countries such as 
Germany, France, and Denmark (Bardat et al., 2001; Berg et al., 2004; Lawesson, 2004; 
Delassus et al., 2014; Figure 4). 
 
Division into a higher number of classes 
Recently, a new system has been proposed where weed and annual ruderal vegetation is 
classified into four different classes (Mucina et al., 2016). The delimitations are less 
straightforward than seen before but still include mainly (bio)geographical and disturbance 
type factors. Presented are the following classes: Papaveretea rhoeadis S. Brullo et al. 2001 
(Eurosiberian and Mediterranean Europe, weed), Sisymbrietea Gutte et Hilbig 1975 
(Eurosiberian Europe, ruderal), Chenopodietea Br.-Bl. in Br.-Bl. et al. 1952 (Mediterranean 
and (sub)Atlantic Europe, ruderal, natural annual grassland and fringe vegetation, and, to a 
lesser part, weed), and Digitario sanguinalis-Eragrostietea minoris Mucina, Lososová et 
Šilc 2016 (Mediterranean, and warm and dry Eurosiberian Europe, weed and ruderal, 
including trampled vegetation). This paper presented a synsystem for all vegetation types in 
Europe and received much attention. Most recent national lists of syntaxa, published after 
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its publication, adopted this classification (e.g. Croatia (Škvorc et al., 2017) and Ukraine 
(Solomakha et al., 2017)). 
 
Different concepts in the classification of annual weed and ruderal communities are not only 
a consequence of gradual data (and knowledge) accumulation but also of the lack of a 
universal clear definition of a class as a synsystematical category. Pignatti et al. (1995) 
emphasized the lack of a clear definition of a class, saying that describing syntaxa on this 
level usually takes into account diagnostic species, ecology, and chorology as well as 
vegetation structure (physiognomy). They also pointed out the notion of how classes that 
contain vegetation subjected to heavy human influence tend to have the least stable concepts 
throughout history. Undoubtedly, weed and ruderal vegetation can be considered as such. 
 
4.1.2 New numerical classification 
In the second step, we performed several clustering analyses on 100 synoptic tables with 
species constancy values as obtained from the 100 clusters from the first step. Each of the 
clustering schemes was evaluated using indices of clustering validity (Figure 5). Several 
combinations of a clustering method and a validity index didn’t reveal meaningful optima 
for the number of main clusters (displaying monotonically decreasing curves without peaks). 
The most meaningful were average silhouette width and Pearson gamma indices, indicating 
2–5 clusters as the most optimal. Using descriptions of the 100 original clusters (Annex F), 
we interpreted the 2–5 clusters resulting from the three classifications. Finally, we opted for 
4 main clusters obtained with the partitioning around medoids analysis (Figure 5) due to: i) 
one of the highest index values, ii) ecologically meaningful clusters well delimited also by 
the ordination analysis, and iii) high level of agreement with the currently proposed 
synsystem. The latter is an important supporting argument (even if not a pivotal one) in 
assuring the long-term stability of the system when the data are supportive (Dierschke, 
1994). 
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Figure 5: Results of the optimal number of clusters assessment. Values of an index (y-axis) are plotted for 
every number of clusters (x-axis). The first row (a, b, c) represents hierarchical classification with Euclidean 
distance, Ward linkage, and Hellinger standardization, the second row (d, e, f) represents hierarchical 
classification with Bray-Curtis dissimilarity, flexible ß -0.25, no transformation of constancies, and the third 
row (g, h, i) represents partitioning around medoids (PAM). The first column (a, d, g) represents results for 
average silhouette width index, the second column (b, e, h) for Pearson gamma index, and the third column (c, 
f, i) for the ratio of distances within and between clusters. 
Slika 5: Rezultati ocenjevanja najbolj optimalnega števila skupin. Na osi y so projicirane vrednosti notranjih 
kazalcev vejavnosti za vsako število skupin, ki so projicirane na osi x. V prvi vrsti (a, b, c) so predstavljeni 
rezultati hierarhičnega združevanja v skupine z evklidsko razdaljo s pretvorbo Hellinger ter povezovanjem po 
Wardu, v drugi vrsti (d, e, f) rezultati hierarhičnega združevanje v skupine z različnostjo po Bray-Curtisu in 
povezovanjem flexible ß –0,25, brez pretvorbe konstantnosti ter v tretji vrsti (g, h, i) rezultati nehierarhičnega 
deljenja v skupine s popolno razvrstitvijo okoli medoidov na podlagi različnosti po Bray-Curtisu. V prvem 
stolpcu (a, d, g) so predstavljeni rezultati za kazalec veljavnosti povprečna širina obrisa (ang. average silhouette 
width), v drugem stolpcu (b, e, h) rezultati za kazalec veljavnosti Pearsonova izvedba koeficienta gamma po 
Hubertu in v tretjem stolpcu (c, f, i) rezutati za kazalec veljavnosti razmerje med povprečno razdaljo znotraj 
skupin in povprečno razdaljo med skupinami. 
 
Taxonomic and syntaxonomic characterization 
Each of the four main clusters is characterized by a number of species with a concentration 
of occurrence in that respective cluster (Table 3). Names of syntaxa used for the description 
of clusters follow the nomenclature in Mucina et al. (2016) and are shortened to ease reading 
in the next chapters. 
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Table 3: Shortened synoptic table with diagnostic species for the four main clusters. For every cluster, the 
number of plots classified in it and a list of constancy values of diagnostic species with a phi coefficient above 
0.17 is given in grey (species with phi above 0.50 in bold). Species with non-significant occurrence 
concentration in the cluster (Fisher’s exact test p < 0.001) were excluded. At the bottom of the table, the 15 
most frequent but non-diagnostic species in the dataset are listed. Diagnostic species are sorted by decreasing 
fidelity, the most frequent species by decreasing frequency. For every species, its frequency in the dataset is 
given as well as its affiliation to a phytosociological class, as listed in Mucina et al. (2016). The sizes of all 
clusters were virtually equalized prior to the calculation of fidelity (Tichý and Chytrý, 2006). 
Preglednica 3: Skrajšana sinoptična preglednica z vrstami, diagnostičnimi za štiri glavne skupine. Za vsako 
skupino je podano število popisov, ki so bili vanjo razvrščeni, in seznam vrednosti stalnosti za posamezno vrsto 
(delež popisov v skupini, kjer je vrsta prisotna). Vrednosti stalnosti za diagnostične vrste s koeficientom phi > 
0,17 za posamezno skupino so osenčene (vrednosti za vrste s koeficientom phi>0,50 pa pisane krepko). Vrste 
z neznačilno koncentracijo pojavljanja v posamezni skupini (Fisherjev natančni test p < 0,001) smo izključili. 
Na dnu preglednice je naštetih 15 najpogostejših, a nediagnostičnih vrst v naboru popisov. Diagnostične vrste 
so v preglednici navedene padajoče glede na navezanost, najpogostejše vrste pa padajoče glede na pogostost. 
Za vsako vrsto sta v preglednici navedeni tudi pogostost v celotnem naboru popisov (ang. frequency in dataset) 
in pripadnost oz. navezanost vrste na fitosociološki razred (ang. class), kot je navedena v delu Mucina et al. 
(2016). Velikosti vseh skupin so bile pred izračunom navezanosti virtualno poenotene (Tichý and Chytrý, 
2006). 
  
Cluster  1 2 3 4 
  
Nr. of plots 2711 12498 4895 9564 
Species  Class Frequency in dataset 
   
Galium tricornutum CHE 1315 41 1  1 1 
Papaver rhoeas PAR 5566 69 20 13 6 
Ranunculus arvensis PAR 1728 41 4 1 1 
Buglossoides arvensis PAR, CHE, FES, 
TRA 
2179 39 7 2 1 
Scandix pecten-veneris CHE 1102 31 1 4 1 
Lolium rigidum CHE 1896 39 1 14 2 
Caucalis platycarpos PAR 805 23 1 1 1 
Neslia paniculata PAR 1196 25 4 - 1 
Roemeria hybrida PAR 621 21 - 1 1 
Hypecoum imberbe CHE 618 21 1 1 1 
Vicia sativa aggr. CHE 5160 46 24 10 5 
Vaccaria hispanica CHE 506 17 1 1 1 
Rapistrum rugosum SIS 943 22 1 5 1 
Coronilla scorpioides CHE, TRA 623 18 - 2 1 
Biscutella auriculata CHE 531 16 - 2 1 
Agrostemma githago PAR, LYG 1094 20 4 1 1 
Anacyclus clavatus CHE 1086 23 1 7 1 
Papaver hybridum PAR 750 19 1 4 1 
Camelina microcarpa PAR, FES 873 18 3 1 1 
Fumaria parviflora CHE 686 18 1 4 1 
Silene vulgaris ART 1172 21 2 5 2 
Vicia peregrina CHE 435 14 1 1 1 
Asperula arvensis PAR 325 11 1 1 1 
Hypecoum pendulum CHE 310 11 1 1 1 
Anchusa azurea ART, CHE 452 13 1 1 1 
To be continued … 
Se nadaljuje … 
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Continuation of Table 3: Shortened synoptic table with diagnostic species for the four main clusters. 
Nadaljevanje Preglednice 3: Skrajšana sinoptična preglednica z vrstami, diagnostičnimi za štiri glavne 
skupine. 
Euphorbia serrata CHE 733 17 1 5 1 
Legousia speculum-veneris CHE 670 14 2 1 1 
Convolvulus arvensis PAR, SIS 10401 61 38 17 33 
Vicia pannonica PAR 441 12 1 1 1 
Leopoldia comosa FES 662 15 1 4 1 
Sisymbrium crassifolium CHE 284 10 - 1 1 
Avena sterilis CHE 935 18 1 7 1 
Lathyrus aphaca CHE 457 11 1 1 1 
Filago pyramidata SIS, SED, TRA 711 15 1 5 1 
Lathyrus cicera CHE 386 10 1 2 1 
Conringia orientalis PAR 293 9 1 1 1 
Adonis microcarpa PAR 234 8 - 1 1 
Turgenia latifolia CHE 222 8 1 - 1 
Bifora radians PAR 365 9 1 1 1 
Vicia lutea CHE 405 10 1 2 1 
Veronica hederifolia aggr. PAR, EPI 2663 22 14 3 2 
Androsace maxima CHE, PAR, 
COR 
289 8 1 1 1 
Bifora testiculata PAR 194 7 - 1 - 
Adonis flammea PAR 267 7 1 1 1 
Legousia hybrida CHE 226 7 1 1 1 
Linaria hirta CHE 207 7 - 1 - 
Silene conoidea CHE 179 6 - 1 1 
Vicia monantha CHE 186 6 - 1 - 
Fumaria officinalis PAR, CHE 2083 19 9 5 2 
Alopecurus myosuroides PAR 768 11 3 1 1 
Lamium amplexicaule PAR, FES 3209 24 16 7 3 
Holosteum umbellatum SED, ONO 623 10 2 1 1 
Fumaria densiflora CHE 219 7 1 1 1 
Papaver argemone PAR 1113 12 6 1 1 
Gladiolus italicus CHE, LYG 281 8 - 2 - 
Mibora minima PAR, COR, 
TUB 
229 7 1 1 1 
Anthemis arvensis PAR, CHE, BUL 3244 24 16 6 4 
Eruca vesicaria CHE 462 10 1 4 1 
Lolium temulentum PAR 312 7 1 1 1 
Alyssum simplex CHE, TUB 308 7 1 2 1 
Centaurea scabiosa FES 405 7 1 1 1 
Reseda phyteuma SIS, SED, PHA 374 8 1 2 1 
Chondrilla juncea ART, COR 1082 13 1 4 4 
Euphorbia falcata PAR, TRA 506 8 2 1 1 
Centaurea benedicta CHE 153 5 1 1 1 
Glaucium corniculatum CHE 156 5 - 1 1 
To be continued … 
Se nadaljuje … 
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Continuation of Table 3: Shortened synoptic table with diagnostic species for the four main clusters. 
Nadaljevanje Preglednice 3: Skrajšana sinoptična preglednica z vrstami, diagnostičnimi za štiri glavne 
skupine. 
Viola arvensis PAR, SED 7625 12 53 1 6 
Myosotis arvensis PAR 4814 4 35 1 3 
Fallopia convolvulus PAR 8920 25 57 1 11 
Stellaria media aggr. PAR, SIS, CHE, 
EPI 
9875 13 59 13 16 
Elytrigia repens ART, MOL, 
CAK 
7838 4 47 2 19 
Apera spica-venti PAR 3995 2 29 1 4 
Equisetum arvense ART, SIS 4402 2 30 1 6 
Tripleurospermum inodorum PAR, SIS 5682 2 35 1 13 
Chenopodium album SIS 11905 12 59 5 41 
Galeopsis tetrahit PAR, EPI 2705 1 20 1 2 
Vicia hirsuta ART, EPI 3179 3 22 1 3 
Mentha arvensis PAR, MOL 2418 1 17 1 2 
Veronica persica PAR 4966 9 31 3 7 
Lamium purpureum PAR 3476 2 23 3 4 
Scleranthus annuus PAR, SED 3244 6 23 1 2 
Persicaria lapathifolia PAR, BID 4126 1 25 1 11 
Capsella bursa-pastoris PAR, SIS 9598 21 50 11 23 
Sonchus arvensis ART, EPI 3350 2 22 1 6 
Thlaspi arvense PAR 2931 5 20 1 3 
Cyanus segetum PAR 4569 20 31 1 2 
Persicaria maculosa PAR, BID 3795 2 23 1 9 
Stachys palustris MOL, PHR 1817 1 13 - 1 
Spergula arvensis PAR 3201 8 22 1 2 
Cirsium arvense PAR, SIS 9226 32 49 3 22 
Gnaphalium uliginosum ISO 1683 1 12 - 1 
Ranunculus repens MOL 2453 1 16 1 4 
Galium aparine EPI, POP 5058 9 30 9 7 
Lapsana communis EPI 1855 1 13 1 2 
Plantago major MOL, POL, ISO 4306 1 23 1 14 
Galinsoga parviflora PAR 2506 1 15 1 6 
Achillea millefolium aggr. ART, MOL 3590 2 20 2 10 
Polygonum aviculare aggr. DIG, POL 9865 39 48 4 27 
Rumex acetosella aggr. PAR, SED 3159 5 19 2 6 
Oxalis stricta PAR 1278 1 9 1 2 
Taraxacum sect. Taraxacum 
 
4643 1 23 3 17 
Veronica arvensis PAR, SED 4117 12 24 7 5 
Silene noctiflora CHE 843 1 7 - 1 
Euphorbia helioscopia PAR 3479 5 21 10 3 
Vicia tetrasperma PAR 1372 1 9 1 1 
Persicaria hydropiper BID 1147 1 8 1 2 
Geranium pusillum SIS 1778 1 11 1 4 
To be continued … 
Se nadaljuje … 
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Continuation of Table 3: Shortened synoptic table with diagnostic species for the four main clusters. 
Nadaljevanje Preglednice 3: Skrajšana sinoptična preglednica z vrstami, diagnostičnimi za štiri glavne 
skupine. 
Erysimum cheiranthoides SIS 1025 - 7 - 2 
Galeopsis bifida EPI 616 1 5 - 1 
Lycopsis arvensis PAR 1114 2 8 1 1 
Aethusa cynapium PAR; EPI 742 1 5 - 1 
Cerastium fontanum MOL 1430 1 9 1 3 
Matricaria chamomilla PAR; SIS 2312 5 13 2 4 
Hordeum murinum aggr. CHE, SIS 2727 6 1 29 11 
Galactites tomentosus CHE 657 1 - 12 1 
Anisantha madritensis CHE 993 4 1 16 1 
Avena barbata CHE 1291 7 1 19 2 
Lagurus ovatus CHE, TRA, 
TUB 
498 1 - 10 1 
Plantago lagopus CHE, TRA 597 1 - 11 1 
Rostraria cristata CHE 668 1 - 11 1 
Catapodium rigidum CHE, SAG, 
TRA 
763 3 1 12 1 
Reichardia picroides CHE, LYG 397 1 - 8 1 
Trifolium scabrum BUL, TRA 578 1 - 9 1 
Geranium molle SIS 1315 4 1 15 3 
Dactylis glomerata MOL, LYG 1919 1 2 17 8 
Hedypnois rhagadioloides CHE, TRA, 
TUB 
658 4 - 11 1 
Trachynia distachya TRA 399 1 - 7 1 
Urospermum picroides CHE 375 1 - 7 1 
Erodium malacoides CHE 441 1 1 8 1 
Malva parviflora CHE 401 1 1 7 1 
Trifolium stellatum TRA, TUB 392 1 - 7 1 
Malva multiflora CHE 333 1 1 6 1 
Geranium purpureum CHE 308 1 1 6 1 
Hypochaeris achyrophorus TRA, TUB 309 1 - 6 1 
Trifolium campestre SED, TRA 1186 4 2 13 3 
Foeniculum vulgare ART, LYG 464 1 1 7 1 
Linum strictum TRA 249 1 - 5 1 
Scorpiurus muricatus CHE, TUB 384 1 1 7 1 
Sixalix atropurpurea CHE, LYG 280 1 1 5 1 
Plantago coronopus CRY, POL, SAG 472 1 1 7 1 
Medicago littoralis TRA, TUB 243 1 - 5 1 
Piptatherum miliaceum LYG, ART 380 1 - 6 1 
Urospermum dalechampii CHE 252 1 - 5 1 
Oxalis pes-caprae CHE, PAR 321 1 1 6 1 
Parietaria judaica CHE, CYM 359 - 1 6 1 
Carlina corymbosa ROS 257 1 - 5 1 
Convolvulus althaeoides LYG 346 1 1 6 1 
Medicago polymorpha CHE 934 8 1 13 1 
To be continued … 
Se nadaljuje … 
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Continuation of Table 3: Shortened synoptic table with diagnostic species for the four main clusters. 
Nadaljevanje Preglednice 3: Skrajšana sinoptična preglednica z vrstami, diagnostičnimi za štiri glavne 
skupine. 
Sonchus tenerrimus CHE, CYM 493 1 1 7 1 
Geranium rotundifolium SIS 497 1 1 7 1 
Anisantha rigida CHE, TRA 397 1 1 6 1 
Glebionis coronaria CHE 315 1 1 6 1 
Dittrichia viscosa ART, LYG 328 1 1 5 1 
Calendula arvensis CHE 1043 11 1 14 1 
Pallenis spinosa LYG 222 1 - 4 1 
Echium plantagineum CHE, CRU 453 2 1 7 1 
Vulpia fasciculata TRA, TUB 207 1 - 4 1 
Crepis vesicaria CHE 536 3 1 8 1 
Salvia verbenaca ART, FES 225 1 - 4 1 
Polycarpon tetraphyllum TRA, POL 383 1 1 6 1 
Bituminaria bituminosa DRY, LYG 225 1 - 4 1 
Amaranthus retroflexus SIS 3257 1 10 1 21 
Portulaca oleracea DIG 1385 1 1 1 12 
Digitaria sanguinalis DIG 1801 1 4 1 13 
Erigeron canadensis 
 
3475 1 11 3 20 
Echinochloa crus-galli DIG, BID 4021 1 17 1 19 
Eragrostis minor DIG 543 - 1 1 5 
Solanum nigrum PAR, SIS 2514 1 8 3 14 
Amaranthus albus DIG 596 1 1 1 6 
Urtica dioica EPI, POP, ROB 1494 1 3 2 10 
Most frequent species       
Anagallis arvensis PAR, CHE 5575 25 27 17 7 
Ochlopoa annua POL 5084 5 23 10 16 
Sonchus oleraceus PAR, SIS 4512 11 14 20 16 
Senecio vulgaris PAR, SIS 3612 17 12 13 10 
Sinapis arvensis PAR, SIS 3548 18 19 2 6 
Raphanus raphanistrum 
CHE, PAR, 
CAK 3518 19 19 6 3 
Sonchus asper PAR, SIS, CHE 3283 7 15 7 9 
Erodium cicutarium SIS, SED, BUL 3231 11 13 12 7 
Setaria pumila DIG 3158 2 14 1 14 
Artemisia vulgaris aggr. ART 2817 1 13 1 12 
Plantago lanceolata 
ART, MOL, 
COR 2683 4 6 14 12 
Trifolium repens MOL 2571 3 13 3 8 
Setaria viridis DIG 2541 2 10 1 12 
Lolium perenne BUL, MOL 2495 2 6 6 15 
Medicago lupulina ART, BUL, FES 2475 9 10 4 8 
 
The main clusters are characterized by diagnostic species lists in Table 3. Clusters 1 and 2 
are characterized by a large number of species with high fidelity to these clusters. The species 
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in cluster 1 were previously mostly recognized as characteristic for the class Chenopodietea 
in Mucina et al. (2016) (Table 3), even though they clearly designate a part of the vegetation 
of class Papaveretea rhoeadis, order Gladiolo-Ridolfietalia (Table 4). Species with the 
highest fidelity are Galium tricornutum, Papaver rhoeas, Ranunculus arvensis, 
Buglossoides arvensis, and Scandix pecten-veneris. Diagnostic species Papaver rhoeas and 
Convolvulus arvensis occur in more than half of the plots in the cluster. In cluster 2, the 
majority of diagnostic species are recognized as characteristic for class Papaveretea 
rhoeadis. Species with the highest fidelity are Viola arvensis, Myosotis arvensis, Fallopia 
convolvulus, Stellaria media aggr., and Elytrigia repens. Diagnostic species Viola arvensis, 
Fallopia convolvulus, Stellaria media aggr., Chenopodium album, and Capsella bursa-
pastoris occur in more than half of the plots. Cluster 3 is characterized by a large number of 
diagnostic species with less strong fidelity. They are mostly species corresponding to the 
class Chenopodietea. Species with the highest fidelity are Hordeum murinum aggr., 
Galactites tomentosus, Anisantha madritensis, Avena barbata, and Lagurus ovatus. All of 
the diagnostic species occur in less than a third of all plots. Cluster 4 has the fewest 
diagnostic species with low fidelity values but clearly indicating the class Digitario 
sanguinalis-Eragrostietea minoris. Species with the highest fidelity are Amaranthus 
retroflexus, Portulaca oleracea, Digitaria sanguinalis, Erigeron canadensis, and 
Echinochloa crus-galli. Also in this cluster, all of the diagnostic species occur in less than a 
third of all plots. 
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Figure 6: Distribution maps of vegetation plots as classified in the four main clusters. The numbers correspond 
to cluster numbers in Table 3. In the background, biogeographical regions of Europe are represented in different 
shades of green (EEA, 2016). 
Slika 6: Zemljevidi razporejenosti vegetacijskih popisov, razvrščenih v štiri glavne skupine. Številke na 
zemljevidih ustrezajo številkam skupin v Preglednici 3. V ozadju zemljevidov so biogeografske regije Evrope, 
predstavljene z različnimi odtenki zelene barve. 
 
Plots in the four main clusters show different distribution patterns (Figure 6). Cluster 1 
represents vegetation types in the (sub)Mediterranean, cluster 2 in temperate Europe, cluster 
3 in climates with mild winters (the (sub)Mediterranean and Atlantic seaboards), and cluster 
4 homogenously across Europe. 
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Table 4: Generalized descriptions and the corresponding syntaxa of the four main clusters of European weed 
and annual ruderal vegetation as identified after PAM clustering (Figure 5). 
Preglednica 4: Osnovni opisi in nabor sintaksonov, ki ustrezajo vsaki od štirih glavnih skupin evropske 
enoletne plevelne in ruderalne vegetacije. Štiri skupine so rezultat nehierarhičnega deljenja v skupine s popolno 
razvrstitvijo okoli medoidov. 
Cluster 
nr.  
Generalized description Corresponding syntaxa as in Mucina et al. 
(2016) 
1 Weed vegetation on arable land in Mediterranean 
Europe 
Papaveretea p.p. (Gladiolo-Ridolfietalia + 
Caucalidion p.p.) 
2 Weed vegetation on arable land in temperate 
Europe 
Papaveretea p.p. (Aperetalia + 
Papaveretalia) + Digitario-Eragrostietea 
p.p. (Spergulo-Erodion) 
3 Ruderal and semi-natural (grassland and fringe) 
vegetation in Mediterranean and Atlantic Europe 
Chenopodietea p.p. (Brometalia rubenti-
tectorum + Geranio-Cardaminetalia) + 
Digitario-Eragrostietea p.p. (Diplotaxion 
erucoidis p.p.) 
4 Ruderal and weed vegetation of temperate and 
Mediterranean Europe 
Sisymbrietea + Digitario-Eragrostietea p.p. 
+ Chenopodietea p.p. (Chenopodion 
muralis) 
 
The four main clusters were characterized syntaxonomically as comprising parts of the four 
proposed phytosociological classes of synanthropic vegetation: Papaveretea rhoeadis, 
Sisymbrietea, Chenopodietea, and Digitario sanguinalis-Eragrostietea minoris (Mucina et 
al., 2016; Table 4). The first main cluster comprises the order Gladiolo-Ridolfietalia and a 
part of the alliance Caucalidion, both from the class Papaveretea rhoeadis. The second 
cluster comprises the remaining parts of the class Papaveretea rhoeadis (orders Aperetalia 
and Papaveretalia). The third cluster corresponds to the larger portion of the class 
Chenopodietea (orders Brometalia rubenti-tectorum and Geranio-Cardaminetalia) and a 
smaller portion of class Digitario sanguinalis-Eragrostietea minoris (alliance Diplotaxion 
erucoidis from the order Eragrostietalia). The final, fourth cluster, comprises the whole class 
Sisymbrietea, the larger part of the Digitario sanguinalis-Eragrostietea minoris, and the 
order Chenopodietalia muralis from the class Chenopodietea. For extended lists of 
diagnostic, constant, and dominant species for each cluster, see Annex C. 
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Ordination  
 
Figure 7: Detrended correspondence analysis ordination diagram with centroids of 100 clusters (numbers 1–
100) resulting from the first step of clustering analyses. The color of centroid numbers indicates affiliation to 
one of the four main clusters resulting from the second step of clustering (Table 3): 1 – black, 2 – red, 3 – 
green, 4 – blue. 
Slika 7: Ordinacijski diagram DCA s centroidi sto skupin iz prvega koraka analiz razvrščanja (številke 1–100). 
Barva številk centroidov označuje pripadnost eni izmed štirih skupin iz drugega koraka razvrščanja 
(Preglednica 3): 1 – črna, 2 – rdeča, 3 – zelena, 4 – modra. 
 
The ordination diagram of 100 clusters from the first step of clustering analyses shows good 
delimitation between groups of four main clusters from the second step clustering (indicated 
by color in Figure 7). The main cluster number 1 encompasses the lower right part in the 
two-dimensional ordination space, cluster number 2 the lower left part, cluster number 3 the 
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upper right, and cluster number 4 the upper left part. The most overlapping are main clusters 
3 and 4, which are connected through weed vegetation of row crops (alliance Spergulo-
Erodion). Clusters 25, 29, and 31 from the first clustering step seemingly disjunct from other 
clusters classified in the main cluster number 4 (blue color in Figure 7) but are closer to the 
rest of the group along the third DCA axis (not shown). 
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Figure 8: Detrended 
correspondence 
analysis diagram of all 
plots classified in the 
four main clusters. 
Individual plots (the 
ends of grey lines) are 
connected to the 
centroids of the four 
main clusters (red 
numbers). On plot A, 
longitude, latitude, 
altitude, and 
bioclimatic variables 1 
(annual mean 
temperature) and 12 
(annual precipitation) 
are passively projected 
(they don’t influence 
the distribution of the 
plots). The length of 
the lines representing 
each variable is 
positively correlated 
with its importance in 
explaining the 
distribution pattern of 
plots. On plot B, 
biogeographical 
region and disturbance 
type are passively 
projected and their 
position reflects the 
concentration of plots 
from the 
corresponding 
category. 
Abbreviations: ALP-
Alpine, ATL-Atlantic, 
BLS-Black Sea, BOR-
Boreal, CON-
Continental, MAC-
Macaronesia, MED – 
sredozemska, PAN-
Pannonian, STE-
Steppic; CER-cereal, 
ROW-row crop, RUD-
ruderal. 
Slika 8: Ordinacijski 
diagram vseh popisov, 
razvrščenih v štiri 
glavne skupine. 
Posamezni popisi 
(konci sivih črt) so 
povezani s centroidom ustrezne skupine (številke 1–4). Na diagram A so pasivno projicirane naslednje 
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spremenljivke (ne vplivajo na razporeditev popisov na diagramu): geografska dolžine, geografska širina, 
nadmorska višina , povprečna letna temperature (BIO1) in letna količina padavin (BIO12). Dolžina vsake od 
črt, ki predstavlja spremenljivko, pozitivno korelira z močjo vpliva na razporeditev popisov na diagramu. Na 
diagramu B sta pasivno projicirani spremenljivki biogeografska regija in tip upravljanja oz. motnje. Oznake 
njunih kategorij označujejo koncentracijo popisov, pripadajočih tem kategorijam. Oznake regij: ALP – 
alpinska, ATL – atlantska, BLS – črnomorska, BOR – borealna, CON – celinska, MAC – makaronezijska, 
MED – sredozemska, PAN – panonska, STE – stepska. Oznake tipov upravljanja oz. motenj: CER – žita, ROW 
– okopavine, RUD – ruderalno. 
 
The four main clusters proportionately represent the four quarters of the DCA ordination 
plot (Figure 7 and Figure 8). Along the first axis, their delimitation is explained by the 
(bio)geographical factors: latitude, longitude, biogeographical region, and mean annual 
temperature (Figure 8). Latitude and mean annual temperature explain most of the variability 
between plots, and annual precipitation explains only little variation in species composition. 
The altitude vector runs almost perpendicular to the latitude. Along the second axis, 
vegetation types are differentiated by disturbance type with ruderal communities in the upper 
part, weed communities in cereal crops in the lower part, and communities in row crops in 
between. 
 
Frequencies of plots according to categorical variables Biogeographical region and 
Disturbance type (Annex E) show that, in the first cluster, vegetation from cereal crops is 
overrepresented, occurring mainly in the Mediterranean and Continental Biogeographical 
regions. The second cluster covers all arable weed vegetation across most regions, the least 
of it being from the Steppic and Mediterranean ones. The third comprises mostly ruderal 
vegetation from the Mediterranean but also Continental and Atlantic regions. Finally, the 
fourth cluster comprises both arable and ruderal vegetation from all regions. 
 
The newly proposed classification scheme 
In the first step of clustering analyses, we obtained 100 clusters, which we identified to the 
cf. alliance level to aid the characterization of the main four clusters. For the list of the 
characterized 100 clusters, see Annex F. Often, certain vegetation types (clusters) exhibited 
a strong relation to one or two closely related vegetation types in terms of floristic 
composition. Such cases consequently exhibited changing affiliation when the dataset is 
classified in only a few high-level clusters. 
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Below, we present the four main vegetation types with provisional names (corresponding to 
class level in phytosociology) and the included vegetation types at an alliance level 
(following the nomenclature in Mucina et al. (2016)) as resulting from the first step 
classification. 
 
Main cluster 1:  
We propose a new class of winter-annual Mediterranean and submediterranean weed 
vegetation of arable land Roemerietea hybridae classis nov. hoc loco, designating the (only) 
order Roemerietalia hybridae ord. nov. (corresponding to Gladiolo italici-Ridolfietalia 
segeti Mucina 2016 nom. inval.) as the holotypus (hoc loco). Here, we also designate 
Roemerion hybridae lectotypus hoc loco for the order Roemerietalia hybridae, because this 
alliance expressed the clearest delimitation from other alliances in the order, according to 
our results. Higher syntaxa would therefore retain their names even after possible future 
synsystematic changes due to Article 3f of the Code (Theurillat et al., 2020). For diagnostic 
species of the new order and class, we propose the species in Table 3 (column 1; species in 
grey). 
The new class includes the following alliances: Caucalidion p.p., Roemerion hybridae, 
Ridolfion segeti, and Rumicion bucephalophori. 
 
Main cluster 2: 
This cluster corresponds to the majority of the class Papaveretea rhoeadis S. Brullo et al. 
2001 (Mucina et al., 2016), with the typus vegetation type of Caucalidion also classified in 
this cluster (Rochow von, 1951). Since the Caucalidion alliance is typus for Papaveretalia 
rhoeadis and this order typus for Papaveretea rhoeadis (Theurillat et al., 1995; Brullo et al., 
2001), we propose to name this cluster after this class. For diagnostic species of the new 
order and class, we propose the species in Table 3 (column 2; species in grey). 
The class includes the following alliances: Scleranthion annui, Linion, Oxalidion europaeae, 
Caucalidion p.p., Veronico-Euphorbion, and Spergulo-Erodion. 
 
Main cluster 3:  
The cluster corresponds to a large degree to the class Chenopodietea Br.-Bl. in Br.-Bl. et 
al. 1952 in Mucina et al. (2016). However, there is no indication of a holotype in the original 
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publication (Braun-Blanquet et al., 1952), though the name suggests species of genus 
Chenopodium (C. murale, C. vulvaria, etc.), which are diagnostic and more frequent in order 
Chenopodietalia muralis (and alliance Chenopodion muralis), classified in cluster 4 (see 
Annex F). Also, Dengler (2003) already proposed the name Chenopodietea to be nomen 
ambiguum. We would therefore propose to name the cluster Geranio purpurei-
Cardaminetea hirsutae Rivas-Mart. et al. (1999) Rivas-Mart. et al. 2002. For diagnostic 
species of the new order and class, we propose the species in Table 3 (column 3; species in 
grey). 
The class includes the following alliances: Hordeion murini, Allion triquetri, Veronico-
Urticion urentis, Diplotaxion erucoidis, Fumarion wirthgenii-agrariae, Malvenion 
parviflorae, Cerintho majoris-Fedion cornucopiae, Geranio pusilli-Anthriscion caucalidis, 
Cardaminion graecae, Geranio-Torilidion, Echio-Galactition tomentosae, Laguro ovati-
Vulpion fasciculatae, Laguro ovati-Bromion rigidi. 
 
Main cluster 4:  
This cluster corresponds to two classes in Mucina et al. (2016): Sisymbrietea Gutte et Hilbig 
1975 and Digitario sanguinalis-Eragrostietea minoris Mucina, Lososová et Šilc in Mucina 
et al., 2016. We therefore propose to name this cluster Sisymbrietea Gutte et Hilbig 1975 
according to Article 25 of the Code (Theurillat et al., 2020). For diagnostic species of the 
new order and class, we propose the species in Table 3 (column 4; species in grey). 
The class includes the following alliances: Erysimo wittmannii-Hackelion, Sisymbrion 
officinalis, Atriplicion, Salsolion ruthenicae, Polycarpo-Eleusinion indicae, Euphorbion 
prostratae, Eragrostio-Polygonion arenastri, Malvion neglectae, Chenopodion muralis, and 
Eragrostion. 
 
Below, we also present some examples of vegetation types (alliance level) less stable in 
classification in relation to other types: 
 Spergulo arvensis-Erodion cicutariae J.Tx. in Passarge 1964, which has been 
consistently (throughout our classifications and the history of phytosociology) 
difficult to delimit, especially in regards to the alliances Eragrostion and Oxalidion 
(see also Figure 7). In the highest-level clusters, it is classified either together with 
Eragrostion (and other thermophilous weed and ruderal vegetation) or Oxalidion 
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(and other mesophilous weed vegetation), probably due to few common and 
abundant species, e.g. Setaria spp., Echinochloa crus-galli, Digitaria spp., 
Galinsoga spp., Persicaria spp., and Lipandra polysperma. Often, the alliance 
Spergulo-Erodion is not uniquely formed and is divided into two parts (and classified 
into two higher-level clusters). 
 Cerintho majoris-Fedion cornucopiae Rivas-Mart. et Izco ex Peinado et al. 1986 
includes weed vegetation in the southern Iberian Peninsula (with notable North 
African floristic elements) and is consequently related to Ridolfion segeti (weed 
vegetation in thermo- and mesomediterranean belts), however, it is floristically 
related also to Echio-Galactition tomentosae (Mediterranean tall-herb ruderal 
vegetation). 
 Caucalidion Tx. ex von Rohow 1951 has been clearly identified and delimited as 
weed vegetation of cereal fields on base-rich soils early in the development of 
phytosociology (Ferro, 1990; Mucina, 1993; Lososová, et al., 2009). However, due 
to its affinity for base-rich (thermophilic) substrate, it is closely related to the 
Roemerion hybridae of the Mediterranean weed vegetation type, which is why in 
certain cases, it is classified together with Roemerion as one cluster and sometimes 
(as in our case) divided into two groups - one classified with Roemerion 
(Mediterranean weed vegetation in cereals in the meso- and supramediterranean 
belts) and the other with Scleranthion annui (cereal fields on neutral to acidic soils 
in the Eurosiberian part of Europe). Probably, the species-rich vegetation in the 
Mediterranean becomes species poorer toward continental and oceanic climates, and 
the floristic differences in terms of the absence of Mediterranean species cause the 
division of Caucalidion communities. 
 Malvion neglectae is consistently separated into two small clusters – one with highly 
diagnostic Malva neglecta and the other with Malva pusilla. Usually, they are 
classified together in higher-level clusters, but occasionally, the former is classified 
with other temperate ruderal vegetation (e.g. Sisymbrion and Atriplicion) and the 
latter with thermophilous trampled vegetation (e.g. Eragrostion and Euphorbietalia 
prostratae). 
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In the process of identification of 100 original clusters, we failed to confirm a large number 
of alliances listed in the European Vegetation Checklist (Mucina et al., 2016). For the list of 
these alliances with a brief explanation, see Annex D. We believe this is due to three main 
reasons: i) lack of data (either lack of fieldwork or lack of digitalized records), ii) alliances 
were poorly characterized, either with too few or too common species and therefore cannot 
be readily distinguished, and iii) alliances are synonyms because authors were not aware of 
the already described alliances. The task for the future remains to assess the number and 
characterization of the recognized vegetation types in a more definitive way also within the 
EuroVegChecklist (Mucina et al., 2016).  
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4.2 CHAPTER 2: ECOLOGICAL NICHE BREADTH CHANGES ALONG THE 
CONTINENTAL GRADIENT IN EUROPEAN WEED SPECIES 
 
For the Caucalidion species group, 11 weed species met the criteria for selection. Their rank 
ratios in the GR–NW gradient gradually decrease (averages 0.71, 0.34, and 0.18, 
respectively). For the Scleranthion species group, 13 species were selected, their rank ratios 
for the same gradient direction averaged to 0.62, 0.28, and 0.36, respectively (Table 5). 
 
Table 5: Absolute theta and rank ratios based on theta values per subset for every diagnostic species. On the 
right, literature data on chorological type (Pignatti, 2005), facultativeness (Youssef et al., 2020), and 
phytosociological class characterization (Mucina et al., 2016) are added. Abbreviations: o - obligate weed 
(occurring only on arable land), f - facultative weed (occurring on arable land and in other habitats). 
Preglednica 5: Absolutne vrednosti theta in deleži rangov na osnovi vrednosti theta za za vse diagnostične 
vrste obeh naborov popisov. V desnem delu preglednice so navedeni literaturno podatki o horološkem tipu 
(Pignatti, 2005), fakultativnosti (Youssef et al., 2020) in navezanosti fitosociološkemu razredu (Mucina et al., 
2016). Oznake: o – obligatni plevel (pojavlja se le na obdelovalnih površinah), f – fakultativni plevel (pojavlja 
se tako na obdelovalnih površinah kot tudi v drugih habitatih). 
Caucalidion 
theta 
GR 
theta 
CE 
theta 
NW 
Rank 
ratio 
GR 
Rank 
ratio 
CE 
Rank 
ratio 
NW 
Chorology 
Faculta-
tiveness 
Phyto-
sociological 
class  
Agrostemma 
githago 
5.2525 4.3010 3.7169 0.5723 0.2023 0.2156 
EUROP.-
CAUCAS. o 
PAR, LYG 
Alopecuros 
myosuroides 
5.3088 4.1012 3.6127 0.6059 0.1376 0.1558 
SUBCOSMOP. f 
PAR 
Anagallis arvensis 6.4931 4.8194 3.7815 0.9624 0.4925 0.2442 EURIMEDIT. - PAR, CHE, ISO 
Avena fatua 6.0710 4.4445 3.3597 0.8436 0.2687 0.0649 EURASIAT. o CHE 
Buglossoides 
arvensis 
6.1015 4.3915 3.8767 0.8554 0.2521 0.2909 
EURIMEDIT. o 
PAR, CHE, 
FES, TRA 
Consolida regalis 5.6328 4.5999 3.8297 0.7267 0.3400 0.2753 EURIMEDIT. o CHE, PAR 
Lathyrus 
tuberosus 
5.0255 4.6530 3.6334 0.5069 0.3682 0.1714 
PALEOTEMP. - 
PAR 
Legousia 
speculum-veneris 
5.0863 4.1625 2.3451 0.5149 0.1542 0.0052 
EURIMEDIT. o 
CHE 
Papaver rhoeas 6.4564 4.8213 3.9290 0.9545 0.4942 0.3299 
E-MEDIT.-
MONT. f 
PAR 
Ranunculus 
arvensis 
5.2748 4.6605 3.1230 0.5861 0.3731 0.0286 
PALEOTEMP. o 
PAR 
Sinapis arvensis 5.5554 5.0420 3.6305 0.7010 0.6352 0.1688 STENOMEDIT. - PAR, SIS 
MEAN    0.7118 0.3380 0.1773    
          
Scleranthion 
theta 
GR 
theta 
CE 
theta 
NW 
Rank 
ratio 
GR 
Rank 
ratio 
CE 
Rank 
ratio 
NW 
Chorology 
Faculta-
tiveness 
Phyto-
sociological 
class 
Apera spica-venti 5.2707 4.3418 4.2286 0.5802 0.2222 0.4805 EUROSIB. f PAR 
Aphanes arvensis 4.4708 4.0718 3.7211 0.2594 0.1294 0.2182 SUBCOSMOP. f - 
Arabidopsis 
thaliana 
6.4086 4.2654 3.8336 0.9485 0.1874 0.2779 
PALEOTEMP. - 
PAR, SED 
          
To be continued … 
Se nadaljuje … 
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Continuation of Table 5: Absolute theta and rank ratios based on theta values per subset for every 
diagnostic species. 
Nadaljevanje Preglednice 5: Absolutne vrednosti theta in deleži rangov na osnovi vrednosti theta za za 
vse diagnostične vrste obeh naborov popisov. 
Cerastium 
fontanum 
6.0988 4.5562 4.1219 0.8495 0.3217 0.4286 
CIRCUMBOR. - 
MOL 
Myosotis arvensis 5.3418 4.4156 4.0608 0.6139 0.2637 0.3922 
EUROP.-
CAUCAS. - 
PAR 
Myosotis stricta 4.2558 3.5274 3.6210 0.2059 0.0299 0.1610 
EURIMEDIT. - 
COR, SED, 
TUB 
Scleranthus 
annuus 
4.5887 4.3328 3.9594 0.2990 0.2156 0.3532 
PALEOTEMP. f 
PAR, SED 
Tripleurospermum 
inodorum 
4.6677 4.9763 4.0570 0.3446 0.5920 0.3896 
N-EUROP. - 
PAR, SIS 
Veronica arvensis 5.6996 4.4690 3.9886 0.7426 0.2852 0.3610 PALEOTEMP. - PAR, SED 
Vicia hirsuta 5.6255 4.2140 3.7940 0.7208 0.1741 0.2571 PALEOTEMP. - - 
Vicia sativa 6.2833 4.7071 4.0759 0.9208 0.4013 0.4026 
EURIMEDIT.-
TURAN. - 
CHE 
Vicia tetrasperma 5.5962 4.3880 4.1213 0.7149 0.2488 0.4260 PALEOTEMP. - PAR 
Viola arvensis 6.1809 4.8668 4.2378 0.8792 0.5174 0.4831 EURASIAT. f PAR, SED 
MEAN    
  
0.6215 
0.2761 0.3562    
 
Figure 9: A boxplot of theta rank ratios of Caucalidion (11 species) and Scleranthion (13 species) diagnostic 
species showing different degrees of specialization in three regions along a South-East to North-West gradient. 
Slika 9: Grafikon kvantilov deležev rangov glede na vrednost theta za diagnostične vrste zvez Caucalidion (11 
vrst) in Scleranthion (13 vrst). Z deleži rangov je prikazana različna stopnja specializacije v treh regijah na 
gradientu od jugovzhoda proti severozahodu. 
 
Species characteristic for the Caucalidion weed vegetation predominantly belong to the 
Mediterranean chorotype s.lat. (6 species), with the other 5 chorotypes being individually 
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represented. Scleranthion species, on the other hand, belong mostly to the paleotemperate 
chorotype (5 species), with the other 7 chorotypes being individually represented. 
Caucalidion species are mostly obligate weeds (6 species) and rarely facultative (2). None 
of the Scleranthion species is an obligate weed but 4 are facultative. For other species, 
information is missing, because they weren’t listed as species mostly occurring in winter 
cereal fields (Youssef et al., 2020). Regarding the phytosociological class for which the 
species is considered characteristic (Mucina et al., 2016), all of the Caucalidion species 
characterize almost exclusively weed or other disturbed vegetation (Papaveretea rhoeadis 
and Chenopodietea). Several Scleranthion species, on the other hand, characterize also 
several other (grassland) vegetation types (Molinio-Arrhenatheretea, Sedo-Scleranthetea, 
and Helianthemetea guttati). 
 
Table 6 Results of the repeated measures ANOVA and post hoc tests for the two species groups (Caucalidion 
and Scleranthion) across three selected regions: Southeastern Europe (GR), Central Europe (CE), and 
Northwestern Europe (NW). The values not to be considered are in light grey. 
Preglednica 6: Rezultati analize ANOVA s ponovljenimi meritvami in post hoc testi za obe skupini vrst 
(Caucalidion in Scleranthion) za oceno razlik med tremi izbranimi regijami: jugovzhodna Evrope (GR), 
srednja Evropa (CE) ter severozahodna Evropa (NW). Vrednosti v svetlo sivem ne upoštevamo.  
Repeated measures ANOVA 
 Multivariate tests 
Univariate 
Type III 
ANOVA Corrections 
Mauchly's 
test 
Species group Pillai Wilks 
Hotelling-
Lawley Roy  
Greenhouse-
Geisser 
Huynh-
Feldt  
Caucalidion 2.40E-06 2.40E-06 2.40E-06 2.40E-06 1.25E-09 3.60E-09 1.25E-09 7.44E-01 
Scleranthion 0.002523 0.002523 0.002523 0.002523 1.07E-05 0.000242 0.000161 0.013307 
 
Post hoc tests 
 group1 group2 n1 n2 statistics df p p.adj p.adj.signif 
Caucalidion 
RANK_ratio GR CE 11 11 7.22 10 2.87E-05 8.61E-05 **** 
RANK_ratio CE NW 11 11 3.37 10 0.007 0.021 * 
RANK_ratio GR NW 11 11 12.9 10 1.47E-07 4.41E-07 **** 
          
Scleranthion 
RANK_ratio GR CE 13 13 4.82 12 0.000416 0.001 ** 
RANK_ratio CE NW 13 13 -2.59 12 0.024 0.071 ns 
RANK_ratio GR NW 13 13 4.11 12 0.001 0.004 ** 
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For the Caucalidion species group, the assumption of sphericity has been met (Mauchly’s 
test for sphericity; p=0.74), so we performed the Univariate Type III Repeated-Measures 
ANOVA test as well as several Multivariate tests (Table 6). All tests showed a statistically 
significant difference of rank ratios (p<0.001) along the geographic gradient. The post hoc 
pairwise tests (Table 6) revealed statistically significant differences between all tested 
groups. The average rank ratio decreases (which is translated into an increase of the degree 
of specialization) in the direction GR–NW. The strongest difference is found between GR 
and NW, while the difference between CE and NW is the weakest. 
 
For the Scleranthion species group, the sphericity assumption was violated, and because the 
estimate of sphericity is less than 0.75, Greenhouse-Geisser correction was used (Table 6) 
(Girden, 1992; Field, 2005). The test showed significant differences between regions 
(p<0.001), although not as strong as in the case of the Caucalidion species group. Post hoc 
pairwise tests revealed statistically significant differences for GR–CE and GR–NW 
comparisons (Table 6). There is no linear trend of the rank ratio along the spatial gradient 
(GR>NW>CE). 
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4.3 CHAPTER 3: GEOGRAPHIC PATTERNS IN ALPHA DIVERSITY OF EUROPEAN 
ANNUAL WEED AND RUDERAL VEGETATION 
 
The overall mean number of species per plot in European synanthropic vegetation is 21.44, 
with 1st and 3rd quartiles at 14 and 27 species, respectively.  
 
4.3.1 Mean species richness per plot 
 
Figure 10: Boxplot of species number per plot in relation to disturbance type. Different letters indicate 
statistically significant differences after pairwise Wilcoxon rank sum test (p<0.001). The abbreviations of 
disturbance types: CER – “cereal,” ROW – “row crop,” and RUD – “ruderal.” 
Slika 10: Grafikon kvantilov števila vrst v popisu glede na tip motnje. Različne črke na vrhu grafikona 
označujejo statistično značilne razlike med skupinami po Wilcoxonovem testu z vsoto rangov (p<0.001). 
Oznake tipov motenj: CER – žita, ROW – okopavine in RUD – ruderalno. 
 
Species numbers per plot are significantly different between all groups of disturbance types 
(after pairwise Wilcoxon rank sum test), with means for cereal, row-crop, and ruderal 
category 24.1, 20.3, 18.8, respectively (Figure 10). 
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Figure 11: Boxplot of species number per plot in relation to the biogeographical region. Different letters 
indicate statistically significant differences after pairwise Wilcoxon rank sum test (p<0.001). Abbreviations of 
biogeographical regions: ALP – “Alpine,” ATL – “Atlantic,” BOR – “Boreal,” CON – “Continental,” MED – 
“Mediterranean,” PAN – “Pannonian,” and STE – “Steppic.” 
Slika 11: Grafikon kvantilov števila vrst v popisu glede na biogeografsko regijo. Različne črke na vrhu 
grafikona označujejo statistično značilne razlike med skupinami po Wilcoxonovem testu z vsoto rangov 
(p<0.001). Oznake biogeografskih regij: ALP – alpinska, ATL – atlantska, BOR – borealna, CON – celinska, 
MED - sredozemska, PAN – panonska, STE – stepska. 
 
Table 7: Basic numerical statistics for plot species number per categories of biogeographical region and 
disturbance type (Figure 10 and Figure 11). For the abbreviations of the biogeographical regions and 
disturbance types, see Figure 10Figure 11. 
Preglednica 7: Osnovni numerični povzetki za število vrst v popisih za kategorije biogeografskih regij in tipov 
motenj (Sliki 10 in 11). Za oznake biogeografskih regij in tipov motenj glej Sliki 10 in 11. 
Category Nr. of plots Mean SD Median Min Max Range 
ALP 1646 24.72 11.81 22 4 82 78 
ATL 857 20.57 7.44 20 3 46 43 
BOR 304 23.03 6.08 23 8 40 32 
CON 2892 19.14 8.68 18 1 68 67 
MED 1527 21.79 11.93 20 1 62 61 
PAN 1847 22.36 10.29 21 3 73 70 
STE 122 15.13 5.62 14 3 32 29 
CER 3971 24.08 10.85 23 2 82 80 
ROW 2335 20.25 8.36 19 2 57 55 
RUD 2889 18.76 9.87 17 1 73 72 
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Species richness differs between regions with the highest mean in the Alpine region (24.7) 
and the lowest in the Steppic region (15.1). The Steppic region is significantly different 
from all other regions.  
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Figure 12: Box plot of species number per plot in each biogeographical region for each disturbance type. For 
statistically significant differences between regions (calculated for each disturbance type separately) after 
pairwise Wilcoxon rank sum test with Bonferroni correction (p<0.001), see Annex M. 
Slika 12: Grafikon kvantilov števila vrst v popisu v vsaki biogeografski regiji za vsak tip motnje. Glej Prilogo 
M za statistično značilne razlike ed regijami (izračunane za vsakega od tipa motenj posebej), izračunane z 
Wilcoxonovim testom z vsoto rangov s popravkom po Bonferroniju (p<0.001). 
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4.3.2 Geographical gradients in species richness 
For the whole dataset, we did not find a correlation between species richness and latitude 
(Spearman’s rho 0.02; p=0.054), while the correlation between species richness and 
longitude was significantly slightly positive (Spearman’s rho 0.063; p<0.001). 
 
Figure 13: A scatter plot of correlation between species richness per plot and latitude for categories of 
disturbance type. Spearman’s rank correlation rho is -0.096, 0.229, and -0.102 for cereal, row crop, and ruderal 
category, respectively. All coefficients are statistically significant (p<0.001). The full lines represent linear 
regression lines, and the dashed lines represent local polynomial regression fitting smoother. 
Slika 13: Razsevni grafikon korelacije med številom vrst v popisu in geografsko širino za kategorije tipov 
motenj. Spearmanov koeficient korelacije rangov znaša -0,096 za žita, 0,229 za okopavine in -0,102 za 
ruderalne združbe. Vsi koeficienti so statistično značilni (p<0,001). Polne črte predstavljajo linearne 
regresijske premice, črtkane črte pa lokalno prilagojene gladilnike polinomskih regresijskih premic. 
 
The number of species per plot changes along a range of approximately 23 degrees latitude 
for all categories of the disturbance type (Figure 13). In the cereal and ruderal categories, it 
decreases with increasing latitude, while in the row crop category, it increases. All 
correlations are statistically significant. 
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Figure 14: Scatterplot of correlation between species richness per plot and longitude for categories of 
disturbance type. Spearman’s rank correlation rho is 0.099 (p<0.001), -0.015 (p=0.46), and 0.049 (p<0.01) for 
cereal, row crop, and ruderal category, respectively. The full lines represent linear regression lines, and the 
dashed lines represent local polynomial regression fitting smoother. 
Slika 14: Razsevni grafikon korelacije med številom vrst v popisu in geografsko dolžino za kategorije tipov 
motenj. Spearmanov koeficient korelacije rangov znaša 0,099 (p<0,001) za žita, -0,015 (p=0,46) za okopavine 
in 0,049 (p<0,01) za ruderalne združbe. Polne črte predstavljajo linearne regresijske premice, črtkane črte pa 
lokalno prilagojene gladilnike polinomskih regresijskih premic. 
 
The number of species per plot changes along a range of approximately 38 degrees longitude 
only for some categories of the disturbance type (Figure 14). In the cereal category, it 
increases with increasing longitude, while in row crop and ruderal categories, there is no 
statistically significant trend. 
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Table 8: Results of the regression analysis for the correlation between plot species richness and latitude, and 
longitude. For each relationship, we compare four models, linear to quartic polynomials. Models with the best 
fit (lowest AIC) are in bold. Since the dependent variable is not spatially independent, we do not report p-
values. 
Preglednica 8: Rezultati regresijske analize za korelacijo med številom vrst v popisu in geografsko širino oz. 
dolžino. Za vsako od obeh korelacij smo primerjali štiri modele, in sicer linearne do kvartične polinomske 
regresije. Modeli z najboljšim prileganjem (z najmanjšo vrednostjo AIC) so označeni s krepkim tiskom. Ker 
odvisna spremenljivka ni prostorsko neodvisna, ne podajamo vrednosti p. 
  Cereal  Row crop  Ruderal 
Model  Adjusted r2 AIC  Adjusted r2 AIC  Adjusted r2 AIC 
  Latitude 
Linear  0.01714 23203.84  0.0531 13180.61  0.0122 18030.11 
Quadratic  0.01858 23199.04  0.06928 13141.35  0.01975 18008.94 
Cubic  0.03784 23121.31  0.06941 13142.03  0.02066 18007.26 
Quartic  0.03772 23122.77  0.06905 13143.93  0.02053 18008.65 
          
  Longitude 
Linear  0.009081 26741.35  0.002962 15557.9  0.003699 18371.94 
Quadratic  0.01548 26716.63  0.004746 15554.72  0.009906 18354.88 
Cubic  0.01678 26712.35  0.004395 15556.54  0.01074 18353.46 
Quartic  0.01688 26712.95  0.006252 15553.18  0.01632 18338.1 
 
The results of the regression analysis revealed that the relation of species richness to latitude 
or longitude is not linear for any of the disturbance types (Table 8). For the latitudinal 
gradient, cereal and ruderal disturbance types exhibit cubic relation, while row crop exhibits 
quadratic relation. For longitude, cereal disturbance type exhibits cubic relation, while row 
crop and ruderal exhibit quartic relation. 
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4.4 CHAPTER 4: DISTURBANCE AND BIOGEOGRAPHY SHAPE NEOPHYTE 
RICHNESS IN EUROPEAN ANNUAL WEED AND RUDERAL VEGETATION 
 
The original, non-resampled dataset comprised 32,036 plots and 3215 taxa with assigned 
residence status. Considering the whole recorded species pool, 483 (15.0 %) species were 
neophytes (for the list, see Annex Q). Almost the same numbers of neophytes had European 
(228; 47.2 %) and non-European (227; 47 %) origin. Further 22 (4.6 %) were of unknown 
origin (mostly old crops). A similar pattern with slightly lower total numbers can be seen in 
the resampled dataset of all plots (Figure 15). Although similar in species numbers, the 
neophytes of non-European origin had significantly higher frequencies than those of 
European origin (Wilcoxon rank sum test with continuity correction; p<0.005; Figure 15). 
 
The most frequent (non-European) neophyte species in the original (non-resampled) dataset 
was Veronica persica with 6864 occurrences. Further seven non-European neophytes 
(Amaranthus retroflexus, Erigeron canadensis, Galinsoga parviflora, Oxalis stricta, 
Matricaria discoidea, Galinsoga quadriradiata, Ambrosia artemisiifolia) had more than 
1000 occurrences (2.5 %). The most frequent neophyte species of European origin was 
Anthoxanthum aristatum, ranking 12th on the list (Annex Q). 
 
Only five neophytes (all of non-European origin) were recorded in all seven biogeographical 
regions: Amaranthus retroflexus, Galinsoga parviflora, Veronica persica, Erigeron 
canadensis, and Panicum capillare. Further nine neophytes (again all of non-European 
origin) were recorded in 6 regions: Amaranthus albus, A. blitoides, A. hybridus, A. powellii, 
Ambrosia artemisiifolia, Datura stramonium, Galinsoga quadriradiata, Solanum 
tuberosum, and Xanthium spinosum. These 14 species made up 2.9 % of all neophytes and 
account for 59.6 % of all neophyte species occurrences. 
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Figure 15: Absolute number and percentage of native (including archaeophytes) and neophyte species in the 
cumulative number of species (a), and absolute and percentage occurrences of native and neophyte species 
across plots (b) in the resampled dataset (N=12,889). Neophytes are classified by their geographic origin. 
Species with an unknown origin were excluded; species of Transcaucasian origin were treated as European. 
Slika 15: Absolutno število in delež domorodnih (vključujoč arheofite) in neofitskih vrst v kumulativnem 
številu vseh vrst (a) ter absolutno število in delež pojavljanj domorodnih in neofitskih vrst v popisih (b) v 
ponovno vzorčenem naboru popisov (N=12.889). Neofiti so razvrščeni glede na geografski izvor. Vrste, katerih 
izvora ne poznamo, smo izključili, vrste Kavkaškega porekla pa smo priključili evropskim vrstam. 
 
4.4.1 Species richness of the species pools 
The species pool of the resampled dataset (native and neophyte; with 95 % confidence 
interval) at the 0.993 sample coverage level (sample coverage of the actual Ruderal dataset 
size, which is the lowest among the management categories) for the Cereal, Row crop, and 
Ruderal management type was 1558 (±20), 1373 (±24), and 2256 (±34), respectively. The 
absolute species richness between all three management types was therefore significantly 
different (results not shown). 
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Neophyte species richness differs between management types, with cereals harboring the 
lowest (129.8 ±8.6 species at 95 % confidence interval), row crops the intermediate (135.9 
±7), and ruderal habitats the highest species number (233 ±15.8) (Figure 16a). The first two 
were not significantly different at the given confidence interval. All estimates were 
calculated for the sample coverage of 0.982. On the other hand, at the same sample size 
(3572 plots; minimum sample size according to row crop category), the neophyte species 
richness was significantly different (95 % confidence interval) between all management type 
categories following the same order: ruderal > row crops > cereal crops (Figure 16c). 
 
With the actual sample sizes for the cereal, row crop, and ruderal management types, sample 
coverages of 0.988, 0.990, 0.982 were achieved, respectively (Figure 16e). 
72 
Küzmič F. Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Figure 16: Neophyte species richness in different management types (a, c, e) and biogeographical regions (b, 
d, f) for the resampled dataset (N=12,889). The plots represent species richness at a given sample coverage (a, 
b), at a given number of sampling units (=plots) (c, d), and sample coverage at a given number of sample units 
(=plots) (e, f). For the number of plots for each category, see also Table 2. In (a), the x-axis ends at 0.982 
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sample coverage (lowest sample coverage at an actual sample size – ruderal category), and in (b), it ends at 
0.975 sample coverage to enable direct comparison of species richness between categories on the y-axis. 
Slika 16: Število vrst neofitov v različnih tipih upravljanja oz. motnje (a, c, e) in različnih biogeografkih regijah 
(b, d, f) za ponovno vzorčen nabor popisov (N=12,889). Grafikoni predstavljajo število vrst ob dani stopnji 
pokritosti vzorčenja (a,b), ob danem številu popisov (c, d) ter pokritost vzorčenja ob danem številu popisov 
(e,f). Za število popisob v vsaki kategoriji, glej Preglednico 2. V grafikonu a se os x konča pri pokritosti 
vzorčenja 0,982 (kar je najniža pokritost vzorčenja ob dejanskem številu popisov – kategorija ruderalno), v 
grafikonu b pa se konča pri pokritosti 0,975. V obeh primerih nam to omogoča neposredno primerjavo števila 
vrst med posameznimi kategorijami na osi y. 
 
We revealed that neophyte species richness also significantly differed among 
biogeographical regions (Table 2). At the same sample coverage of 0.975 (selected to 
achieve reliable estimates for all groups, i.e. the extrapolated part is less than twice the actual 
sample size), the highest neophyte species richness was estimated for the Atlantic region 
(144.4 ±13.9 at 95 % confidence interval) and the lowest for the Steppic region (25.9 ±2.4). 
The second lowest richness was in the Alpine region (59.0 ±4.6) (Figure 16b). At the same 
sample size, again, the Atlantic region had the highest estimated neophyte species richness 
(95 ±7.7) and the Steppic the lowest (35.1 ±12.3) (Figure 16d). 
Table 9: Numerical summary regarding neophyte species richness between biogeographical regions for the 
resampled dataset. All the estimates are calculated for the sample coverage of 0.975. This coverage corresponds 
to the lowest sample coverage (Mediterranean region) at which reliable estimates are available for all 
biogeographical categories. The selected sample size (1075) corresponds to the actual sample size of the Boreal 
region. The same superscript letters in the same column indicate no statistical difference between the values 
(95 % confidence interval). The estimate for the Steppic region is not reliable at the sample size of 1075, 
because this sample size exceeds the actual sample size by a factor of more than two. 
Preglednica 9: Številski povzetki števila vrst neofitov v biogeografskih regijah za ponovno vzorčen nabor 
popisov. Vse ocene so izračunane za vrednost pokritosti vzorčenja 0,975. Ta pokritost namreč ustreza najnižji 
pokritosti vzorčenja (sredozemska regija), za katero so še dostopne zanesljive ocene za vse kategorije 
biogeografske regije. Izbrano število popisov (1075) ustreza dejansko število popisov v borealni regiji. Enaka 
nadpisana črka v posameznem stolpcu označuje tiste vrednosti, med katerimi ni statistično značilnih razlik (ob 
95-odstotnem interval zaupanja). Ob izbranem številu popisov 1075 ocene za stepsko regijo niso zanesljive, 
ker to število popisov presega dejansko število popisov za to regijo za factor več kot 2. 
    At sample coverage 0.975  At sample size 1075  At actual sample size 
Region   Estimated 
species 
richness 
95 % 
CI 
Sample 
size 
 Estimated 
species 
richness 
95 % 
CI 
Sample 
coverage 
 Sample 
size 
Sample 
coverage 
Alpine  59.0b 4.6 779  68.3b 5.8 0.980  2004 0.987 
Atlantic  144.4e 13.9 2788  95.0d 7.7 0.954  1995 0.968 
Boreal  66.1b,c 14.8 2114  48.0a 8.8 0.962  1075 0.962 
Continental  75.3c 4.6 900  80.6c 5.0 0.978  3000 0.989 
Mediterranean  103.7d 8.4 2034  81.8c,d 6.3 0.960  2048 0.975 
Pannonian  63.0b 2.7 390  87.5c.d 4.6 0.988  2575 0.995 
Steppic   25.9a 2.4 96  35.1a 12.3 1.000  181 0.987 
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Figure 17: A Sankey plot representing separately the number of neophytes of European and non-European 
origin (in the middle) for the individual categories of the management type (left) and biogeographic regions 
(right). The numbers designate absolute species numbers in the resampled dataset. 
Slika 17: Grafikon Sankey predstavlja zastopanost posebej evropskih in neevropskih neofitov (v sredini) v 
kategorijah tipa upravljanja oz. motnje (levo) in v biogeografskih regijah (desno). Števike označujejo absolutno 
število vrst v ponovno vzorčenem naboru popisov. 
 
The Sankey diagram of the representation of neophytes of different origin according to 
management type and biogeographical region groups (Figure 17) showed a similar pattern 
as the one for the whole continent (Figure 15). In almost all groups of both variables, 
approximately half of the neophyte species were of European origin and half of non-
European origin. Species of non-European origin were overrepresented in the Mediterranean 
and Steppic regions and underrepresented in the Boreal region. 
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4.4.2 Species richness at the plot level 
 
Figure 18: Boxplot of percentages of neophytes per plot for every combination of management type and 
biogeographical region in the resampled dataset. The same letters indicate statistically non-significant 
differences between regions for each management type after the pairwise Wilcoxon rank sum test with 
Bonferroni correction (p<0.001). For the number of plots per each combination, see Table 2. 
Slika 18: Grafikon kvantilov deleža neofitov v popisu v vsaki kombinaciji tipov upravljanja oz. motnje in 
biogeografske regije za ponovno vzorčen nabor popisov. Enake črke označujejo biogeografske regije (za vsak 
tip upravljanja ločeno), ki niso statistično značilno različne glede na Wilcoxonov test vsot rangov s popravkom 
Bonferroni (p<0,001). Za število popisov v vsaki od kombinacij kategoričnih spremenljivk glej Preglednico 2. 
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The percentage of all neophyte species was lowest for cereal fields and higher for ruderal 
habitats and row-crops (means 5.8 %, 10.1 %, and 10.3 %, respectively; Annex R). These 
percentages were statistically significantly different. Among the regions, the Boreal and 
Mediterranean regions had the lowest percentage of neophyte species (3.7 %, and 5.9 %, 
respectively). The highest percentages were recorded for the Steppic region, followed by the 
Pannonian region (17.1 %, and 12.1 %, respectively). 
 
The percentage of all neophytes differed across biogeographic regions in Europe. Two broad 
groups can be discerned according to Figure 18 and Figure 20. The first constitutes regions 
with moderate summer temperatures (Alpine, Atlantic, Boreal) and the second regions with 
high summer temperatures and frequent droughts (Mediterranean, Pannonian, Steppic). The 
Continental region took an intermediate place. 
 
Figure 19:  Boxplot of mean percentage of neophytes of European origin (left part) and of non-European origin 
(right part) per plot in relation to management type. Different letters at the top of the diagram indicate 
statistically significant differences between all groups according to the pairwise Wilcoxon rank sum test with 
Bonferroni correction (p<0.001). Data are from a resampled dataset of only invaded plots (N=10,211). 
Slika 19: Grafikon kvantilov za deleže evropskih (levo) in neevropskih neofitov (desno) v popisih v kategorijah 
tipa upravljanja. Različne črke na vrhu grafikona označujejo kategorije, ki niso statistično značilno različne 
glede na Wilcoxonov test vsot rangov s popravkom Bonferroni (p<0,001). Prikazani so podatki iz ponovno 
vzorčenega nabora popisov, kjer je v vsakem popisu prisoten vsaj en neofit (N=10.211). 
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Figure 20: Boxplot of mean percentage of neophytes of European origin (left group) and non-European origin 
(right group) per plot in relation to biogeographical region. The same letters at the top of the diagram indicate 
statistically non-significant differences between groups according to the pairwise Wilcoxon rank sum test with 
Bonferroni correction (p<0.001); the left and the right group were assessed separately. Data are from a 
resampled dataset of only invaded plots (number of plots with Macaronesia and Black Sea region excluded: 
10,200). 
Slika 20: Grafikon kvantilov za deleže evropskih (levo) in neevropskih neofitov (desno) v popisih v kategorijah 
biogeografske regije. Različne črke na vrhu grafikona označujejo kategorije, ki niso statistično značilno 
različne glede na Wilcoxonov test vsot rangov s popravkom Bonferroni (p<0,001). Kategorije smo med sabo 
primerjali posebej za evropske neofite in posebej za neevropske. Prikazani so podatki iz ponovno vzorčenega 
nabora popisov, kjer je v vsakem popisu prisoten vsaj en neofit (N=10.211). 
 
When only plots with neophytes were considered, significant differences could be observed 
between percentages of European and non-European neophytes. In every biogeographical 
region except for the Atlantic, the percentage of neophytes of non-European origin was 
statistically significantly higher compared to the percentage of neophytes originating in 
Europe (Pairwise Wilcoxon rank sum test with Bonferroni correction; p<0.001). In the 
resampled dataset of invaded plots (N=10,201), 1107 plots had no neophytes of non-
European origin, while 7375 plots had no neophytes of European origin. 
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5 DISCUSSION 
 
5.1 CHAPTER 1: CLASSIFICATION OF ANNUAL WEED AND RUDERAL 
VEGETATION 
 
In the assessment of major vegetation types of European weed and annual ruderal vegetation, 
we identified four main groups explained largely by the biogeography and disturbance type. 
These four groups only partly correspond to phytosociological classes in the system of 
European higher syntaxa, according to Mucina et al. (2016). 
 
The four identified groups are well differentiated by two factors already recognized as the 
most important early in the history of vegetation research – biogeographical position and 
disturbance type or site management (Figure 4). The first major factor is geographical, 
separating vegetation types into two main groups – Mediterranean and temperate (Figure 7). 
This separation has been historically supported by two phytosociological classes comprising 
weed and ruderal vegetation: Chenopodietea and Secalinetea in the Mediterranean (Braun-
Blanquet et al., 1952), and Stellarietea mediae in temperate Europe (Tüxen, 1950). However, 
these two classes were defined consecutively, stemming from distinct field experiences 
rather than a comprehensive, unified dataset but were still based on the recognized floristic 
differences. 
 
The second major factor can be termed disturbance type or management. It comprises three 
main types, namely ruderal sites (supporting ruderal vegetation dominated by annual 
species) and arable land, subdivided in weed vegetation of cereal crops and row-crops. Our 
results based on continental-scale analysis are in agreement with several studies conducted 
on a regional scale that stressed the importance of the disturbance factor in high–level 
classification of the synanthropic vegetation types (Braun-Blanquet et al., 1952; Nezadal, 
1989). Several studies proposed the division into a class of annual ruderal vegetation on the 
one hand and weed vegetation on the other (Gutte and Hilbig, 1975; Dengler, 2003). 
However, in our study, two clusters (1 and 2) comprise exclusively weed vegetation of arable 
land, while the remaining clusters (3 and 4) comprise predominantly ruderal vegetation and, 
to a smaller degree, also weed vegetation. 
79 
Küzmič F. Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
The third major factor influencing classification was soil reaction. In accordance to its 
importance “only” at a lower level in several regional syntheses (e.g. order level in Hüppe 
and Hofmeister (1990) and Mucina (1993)), it does not influence the delimitation of the four 
main vegetation types on the continental level.  
 
5.1.1 Comparison of main vegetation types with the syntaxa in EuroVegChecklist 
The four main identified groups of European weed and annual ruderal vegetation (Table 3) 
only partially correspond to the four classes in the European Vegetation Checklist (Mucina 
et al., 2016). However, the factors responsible for their formation are very similar, e.g. 
(bio)geographical region and disturbance regime.  
 
The first cluster, consistently formed in different classifications, comprises weed vegetation 
(most notably of cereal crops) in the Mediterranean. It corresponds largely to the order 
Gladiolo-Ridolfietalia (containing 4 alliances) of the class Papaveretea rhoeadis (Mucina et 
al., 2016), but it also includes the most thermophilous communities of the alliance 
Caucalidion (order Papaveretalia). The close relation of the Caucalidion communities in 
the Mediterranean and the Roemerion alliance has been stressed previously (Nezadal, 1989; 
Ninot et al., 2011), possibly because Roemerion communities occur in meso- and 
supramediterranean belts with a more similar climate than that of the thermomediterranean 
belt. On the other hand, communities of Fumarion wirtgenii-agrariae (one of the four 
alliances of the order Gladiolo-Ridolfietalia) haven’t been confirmed as a well-separated 
group and are probably classified together with Diplotaxion erucoidis communities in the 
third cluster with which they are seasonally differentiated (Brullo and Marcenò, 1985). The 
order Gladiolo-Ridolfietalia hasn’t been validly described yet, only proposed by Mucina et 
al. (2016), however, we showed strong support for the formation of such a syntaxon. 
Diagnostic species for this cluster (Table 3) correspond very well to species listed in the 
literature for comparable syntaxa (e.g. “Secalinetalia”) (Nezadal, 1989). So far, in the 
literature, alliances included in Gladiolo-Ridolfietalia have been classified together with 
alliances of temperate weed communities (e.g. Caucalidion and Scleranthion) into common 
orders of weed vegetation (e.g. Aperetalia spicae-venti, Papaveretalia rhoeadis) (Bardat et 
al., 2001; Ninot et al., 2011; Biondi et al., 2014). 
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The second group comprises weed vegetation of cereal and row crop fields in temperate 
Europe. In Central and Western Europe, these vegetation types have a long and relatively 
stable classification into the following alliances: i) Caucalidion (weed vegetation of cereal 
fields on base-rich soils), ii) Scleranthion (weed vegetation of cereal fields on neutral to very 
acidic soils; sometimes Aphanion and Arnoseridion alliances are formed separately to follow 
the gradient of acidity), iii) Oxalidion (row crop and garden vegetation on acidic soils), and 
iv) Veronico-Euphorbion (garden and vineyard vegetation on base-rich soils). This cluster, 
therefore, corresponds well to the subclass Violenea arvensis of the class Stellarietea 
mediae, as described by Hüppe and Hofmeister (1990) (excluding Spergulo-Erodion) and 
adopted by several authors in later syntheses (see Figure 4). The subclass occasionally also 
includes the order Eragrostietalia (Rivas-Martínez et al., 2001; Costa et al., 2012; Biondi et 
al., 2014), while in other cases, the order Eragrostietalia is included in the other subclass, 
Sisymbrietea (Borhidi et al., 2012; Oprea and Sîrbu, 2012). Our results give more support to 
the latter classification, since thermophilous weed vegetation, corresponding to alliances 
Eragrostion and Spergulo-Erodion, was classified together with ruderal vegetation rather 
than with mesophilous weed communities. Still, the alliance of weed vegetation Spergulo-
Erodion is closely linked to the alliance Oxalidion (mostly through the gradient of soil 
moisture; Figure 7 and Annex F) and is the reason for the changing classification of the 
whole order Eragrostietalia. Classified in the second group are also vegetation plots with 
flax as the crop species, floristically most similar to Scleranthion weed communities. Weed 
communities associated with growing Linum usitatissimum have been very early recognized 
as a distinct alliance Lolio-Linion due to certain specific and subspecific taxa exclusively 
dependent on this crop species. With the cessation of flax cultivation, those taxa and 
communities disappeared almost completely already in the 60s (Kornaš, 1961; Kornaš, 1986; 
Oberdorfer, 1993a). Those communities (recorded only in a small number of plots) were 
classified with Scleranthion communities, reflecting similar management and growth form 
to that of cereals (Braun-Blanquet et al., 1952; Kornaš, 1986). The vegetation types classified 
in this cluster represent an important European land-use type in terms of coverage and 
economic impact, which is reflected in the high number of plots compared to other clusters 
(Table 3).  
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The third main cluster comprises ruderal and semi-natural vegetation of the Mediterranean 
(Table 4), currently included in the class Chenopodietea (Mucina et al., 2016). The two 
larger parts of this class constitute two orders: Brometalia rubenti–tectorum with winter-
annual ruderal vegetation of summer-dry man-made habitats of the Mediterranean, the mild-
winter Atlantic seaboards, and Macaronesia; and Geranio-Cardaminetalia of winter-annual 
fringe vegetation in shaded mesic habitats of the Mediterranean, winter-mild temperate 
(sub)Atlantic and submediterranean regions of temperate Europe, and the Macaronesia. The 
third part of the Chenopodietea in Mucina et al. (2016) (Chenopodietalia muralis and its 
only alliance Chenopodion muralis) has been classified in the fourth group in our study. This 
alliance comprises nitrophilous low growing herb vegetation in the Mediterranean, and the 
nitrophilous character might be a reason for higher affinity with thermophilous weed and 
ruderal vegetation of temperate Europe (Fanelli and Lucchese, 1998). One of the original 
100 clusters of weed vegetation (number 14), roughly corresponding to Diplotaxion 
erucoidis with a strong presence of the Hordeion murini species, is included in this main 
cluster due to its close relation to the alliance Veronico-Urticion (number 13; Figure 7). They 
both represent weed vegetation of irrigated orchards or olive groves (Brullo and Marcenò, 
1985; Ninot et al., 2011) and are consequently ecologically related to the natural open 
woodland fringes of Geranio-Cardaminetalia. Another vegetation type corresponding to the 
(sub)alliance Malv(en)ion parviflorae (not recognized separately by Mucina et al. (2016)) 
was found to be very distinct in several classifications with very strong diagnostic species 
Sisymbrium irio and Malva parviflora. This vegetation type of nitrophilous low growing 
herb vegetation has usually been classified in Chenopodion muralis or with it into a common 
order due to similar ecology differentiated by the season of optimal development (Brullo and 
Marcenò, 1985; Mucina et al., 2016). The Chenopodion muralis s.str. has its optimum in 
summer and autumn, while Malvion parviflorae is optimally developed in spring. This 
explains its much higher similarity with Hordeion murini (Figure 7) and affinity with 
communities of Brometalia rubenti-tectorum and Geranio-Cardaminetalia that have their 
phenological optimum in spring. On the other hand, Chenopodion muralis s. str., which is 
positioned closer to Eragrostietalia and Euphorbietalia prostratae communities, 
accordingly reaches its optimum in summer and autumn. 
 
82 
Küzmič F. Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
The final, fourth main cluster includes mainly ruderal but also weed vegetation from all 
Biogeographic regions. It comprises vegetation types entirely classified in two 
phytosociological classes Sisymbrietea and Digitario-Eragrostietea and for a smaller part, 
in Chenopodietea (Chenopodietalia muralis) (Mucina et al., 2016; Table 4). Class 
Sisymbrietea comprises ruderal vegetation of cool and temperate parts of Europe, 
Chenopodietalia muralis nitrophilous ruderal vegetation in the Mediterranean, while class 
Digitario-Eragrostietea comprises thermophilous vegetation of both arable land and ruderal 
sites in temperate and Mediterranean Europe. The majority of the vegetation types included 
in this cluster reach their optimum in summer or autumn, as opposed to the previous cluster. 
Historically, ruderal vegetation has usually been classified as a subclass Sisymbrienea within 
the big class of ruderal and weed vegetation of Europe Stellarietea mediae (Borhidi et al., 
2012; Biondi et al., 2014) or, alternatively, as a separate class Sisymbrietea (Dengler, 2003; 
de Foucault, 2012). In either case, it comprised not only temperate communities but also 
communities of Brometalia rubenti-tectorum and even Geranio-Cardaminetalia (e.g. Bardat 
et al., 2001; Ninot et al., 2011). To our knowledge, a syntaxon corresponding to this main 
cluster hasn’t been described yet. Even if this main cluster comprises vegetation types 
previously classified mainly in two already described phytosociological classes, i.e. 
Sisymbrietea and Digitario-Eragrostietea, we found no support for their separation in such 
exact form. According to our results, any further division is most likely to result in a different 
combination of lower-level vegetation types than they were proposed in Mucina et al. (2016). 
 
5.1.2 Challenges in the classification  
The methodology of vegetation classification employed in recent large-scale studies varies 
considerably (De Cáceres et al., 2015). From a limited pool of possible choices varying in 
their approach, parameters, and post hoc analyses, authors chose different methods in all the 
mentioned aspects (see e.g. Peterka et al. 2017, Willner et al. 2017, Goncharenko et al. 2020, 
and Novák et al. 2020). Reasons for different choices are again several, from the i) 
computational limitations (Twinspan has a limit in the number of plots, ISOPAM is 
extremely time-demanding to compute), ii) to the structure of the dataset (Twinspan gives 
best results in datasets reflecting one clear environmental gradient, and fuzzy partitioning is 
useful for datasets with well-defined structure), and also iii) to researchers’ preference. 
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In our study, we found largely consistent patterns of clustering results using several 
classification methods that were used in similar large-scale classification studies. Still, the 
stability of the clustering structure across different classification methodologies depends on 
the dataset structure. Different classification procedures inevitably yield different final 
clustering schemes, especially expressed in cases of vegetation types closely related to the 
nearest ones. This effect is a consequence of environmental gradients and distinct factors, 
the combination of which causes gradual spatial and temporal changes in floristic 
composition and structure (e.g. Goncharenko et al. (2013)). Consequently, in more variable 
datasets, more transitional groups can be expected, which in turn shift their affiliation with 
different employed methodologies. In other words, the scope of the vegetation types 
included in the data selection influences the stability of classification. Some vegetation types 
that are clearly delimited in one dataset (for example, in our case, trampled nitrophilous 
ruderal vegetation of temperate Europe (Malvion neglectae) or psammophilous ruderal or 
semi-natural grassland of coastal Europe (Laguro-Vulpion and Laguro-Bromion)) could 
become less discernible and less fixed if additional vegetation types were included in the 
analyses (for example, perennial trampled ruderal vegetation (Polygono-Poetea) or 
perennial vegetation of shifting sand dunes (Ammophiletea)). These vegetation types are 
situated on the edge of the multidimensional space of the ordination diagram and indicate 
the probable natural continuation in vegetation. Another example is arable vegetation on 
nutrient-poor soils in the Mediterranean (corresponding largely to Rumicion 
bucephalophori). They are closely related to natural ephemeral vegetation on sandy soils 
(class Helianthemetea guttati) (Nezadal, 1989). All of the mentioned cases indicate how 
weed and ruderal vegetation caused by human intervention/activities are floristically shaped 
by geographically and environmentally closest natural vegetation types. The phenomena of 
synanthropic vegetation types possibly acting as sinks for a number of species have already 
been documented for urban wall vegetation (Láníková and Lososová, 2009) and postulated 
for weed vegetation (Brullo, et al., 2007). The identification of (semi-)natural vegetation 
types contributing to weed vegetation formation will be important in future comprehensive 
and simultaneous classifications of vegetation types. 
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5.1.3 Future outlook 
Our study revealed the main groups of European weed and ruderal vegetation obtained from 
unsupervised clustering analysis using the most comprehensive dataset of vegetation plots 
so far. An interpretation of the clusters in terms of phytosociological units should follow 
together with the development of an expert system aimed at an automatic classification of 
new plots into the existing synsystematic scheme. The expert system will be based on a 
smaller subset consisting of the most representative vegetation plots and excluding 
transitional or depauperated ones. Later on, a system of lower-level units is to be built with 
clustering procedures similar to those from the current study but employed separately for 
each of the main clusters. Finally, even with the system built on the existing exhaustive 
dataset, much more fieldwork and digitization will be needed to elucidate still dubious 
relations or even the presence of certain vegetation types, for example, winter-annual fringe 
vegetation (cf. Geranio-Cardaminetalia) in the Apennine and Balkan peninsulas or cereal 
and row crop weed vegetation in the Steppic region of Eastern Europe, to name only a 
couple. 
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5.2 CHAPTER 2: ECOLOGICAL NICHE BREADTH CHANGES ALONG THE 
CONTINENTAL GRADIENT IN EUROPEAN WEED SPECIES 
 
The results of our analysis partly support the hypothesis of a decreasing species’ niche 
breadth with the increasing distance from the species’ central distribution area. The trend, 
previously detected for weed species characteristic of cereal fields on base-rich soils 
(phytosociological alliance Caucalidion) (Šilc et al., 2014), was here confirmed on a much 
longer geographical gradient, encompassing the whole continent along one transect. For 
weed species characteristic of cereal fields on neutral to acidic soils (Scleranthion), the 
hypothesized trend of increasing specialization from the northwest towards the southeast 
was not confirmed. 
 
5.2.1 Caucalidion species group 
The specialization increase as indicated by the increase in theta values followed the 
geographical trend as predicted, indicating that the most characteristic weed species of cereal 
fields become more specialized with the increased distance from their original and more 
optimal distribution area (the Mediterranean and the Near East). This trend has already been 
shown in a shorter gradient by Šilc, Lososová, and Vrbničanin (2014) (roughly 
corresponding to the subset CE in our study) and confirms previous postulations (Holzner, 
1978). The increasing level of specialization of the Caucalidion species is best reflected in 
the increasing restriction to occurrences on base-rich soils (Holzner, 1978; Šilc et al., 2014). 
The amplitude decreased along the gradient, even though the mean Pignatti’s ecological 
indicator value for soil reaction did not change. Because of the increasing limitation to only 
certain types of fields and the consequential gradual disappearance of species along the 
gradient, this type of vegetation can be considered an impoverished form of the “original,” 
(south)eastern communities (Holzner, 1978). 
 
While longer gradients provide valuable additional information, they come at the expense of 
the number of species included. The number of species in our study is lower in comparison 
to the previous one (Šilc et al., 2014) due to the combination of a prolonged gradient and the 
method of species selection. Over a long gradient, some species disappear from a habitat, 
some are included anew, while some remain present throughout (Youssef et al., 2020). We 
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obtained the species list from a unified classification of a large set of vegetation plot data 
from the whole of Europe, while in the previous study, they combined species lists from two 
classifications performed on a regional scale (Šilc et al., 2008; Lososová, et al., 2009). Of 
the 11 species selected in the present study, 4 were not included in the previous one: 
Agrostemma githago, Alopecuros myosuroides, Legousia speculum-veneris, and Sinapis 
arvensis. The first three were too rare in the Czech Republic to be included among 
characteristic species, while S. arvensis is common and characteristic both in the Balkans 
and the Czech Republic (Šilc et al., 2008; Lososová, et al., 2009). The selected geographical 
gradient from SE Europe to NW Europe not only follows the hypothesized migration of 
weed species of a Near Eastern origin along the Danubian route (Zohary, 1973; Jauzein, 
1977; Holzner, 1978) but also reflects the distancing from the original distribution area for 
species of Mediterranean origin, which are very frequent in this vegetation type (Lososová 
and Grulich, 2009; Youssef et al., 2020). That the selected Caucalidion species are 
representatives of specialized species can be supported by the recent results of Youssef et al. 
(2020), who found that 5 out of 11 species in our study occur only in fields, an additional 2 
also in disturbed but not natural habitats in France (the remaining 4 species were not 
assessed). Since the restriction of species occurrences to disturbed, and even more to arable, 
habitats suggests they are far from the central distribution area (where they are able to grow 
in natural habitats) (Holzner, 1978), the selected list of diagnostic species proves the 
Caucalidion weed vegetation harbors species with interesting (historical) biogeography. 
 
5.2.2 Scleranthion species group 
The specialization degree of the Scleranthion species group was highest in southeastern 
Europe which is against our predictions, where we postulated that edge parts of the species’ 
distribution area (southeastern Europe) would cause higher specialization levels. 
Additionally, there was no linear trend along the geographical gradient that would reflect the 
central (northwestern Europe) and edge parts (southeastern Europe) of the species’ 
distribution area. 
 
Our results suggest that the lowest degree of specialization of the Scleranthion species group 
can be found in southeastern Europe, which is contrary to what was expected from the 
distribution of the Scleranthion vegetation type or from the species’ chorological spectra. 
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Species belonging to the (west)Mediterranean, circumboreal, and paleotemperate chorotypes 
are predicted to be farthest away from their center of distribution when growing in 
southeastern Europe. In agreement with the abundance-distribution theory (Brown, 1984) 
they should therefore become increasingly rare and express higher specialization in terms of 
species co-occurrences, which contradicts our results. For Scleranthion species in our study, 
the selected species might not yet be close to their distribution area edge to become very 
rare. The distribution area should be taken into account to properly assess the trends in 
varying degrees of specialization. 
 
Additionally, several of the Scleranthion species can be abundantly found in semi-natural 
habitats with pioneer vegetation on shallow acidic soils on rocky outcrops across the studied 
area (i.e. Arabidopsis thaliana, Myosotis stricta, Scleranthus annuus, and Veronica arvensis; 
class Sedo-Scleranthetea (Mucina et al., 2016)), which is characteristic for the central parts 
of the distribution area (Youssef et al., 2020). Similarly, Holzner (1978) already proposed 
the influence of climatic gradient (oceanic to continental) on species composition. 
Specifically, he proposed the West-East Europe geographical gradient, which, in a very 
generalized view, could be considered perpendicular to the other gradient – hot–cold climate 
or South-North Europe. In our study, we selected a diagonal gradient, which combines both 
of the above-mentioned gradients in addition to the postulated agriculture and weed species 
Danubian migration route (Jauzein, 1977). While for the selected Caucalidion species, we 
can assume that the majority of the habitats in which species occur are represented in the 
dataset, this might not be the case for Scleranthion species. The appropriate representation 
of all habitats in which the selected species occur is needed for the meaningful calculation 
of the degree of specialization (Boulangeat et al., 2012; Zelený and Chytrý, 2019). Limited 
availability of plots from one or several habitats can indicate a certain species a specialist, 
even if it is actually widespread and occurring in different habitats. When we compared the 
theta values of Zelený and Chytrý (2019) (Annex I), who calculated them for all of the non-
forest vegetation types in the Czech Republic, with our geographically closest subset (termed 
CE), we found our values to be lower for most of the selected species (implying lower 
specialization). On the other hand, such differences were positive for Caucalidion species. 
Even though the absolute theta values cannot be directly compared across such different 
datasets, the difference in the species responses for the two analyzed species groups can 
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probably (at least partly) be ascribed to the difference in the representation of vegetation 
types. This would suggest that a broader array of habitats, included in the calculation of theta 
values, increases the values for some species while decreasing it for others. Accordingly, the 
biggest difference in values for Czech flora was for Arabidopsis thaliana and Myosotis 
stricta, which occur also in the above-mentioned non-anthropogenic vegetation types (Sádlo 
et al., 2010).  
 
However, a growing amount of evidence suggests that the abundance-distribution theory 
(Brown, 1984) contains more exceptions than originally proposed. In such cases, the (linear) 
transect between central and edge parts of the distribution area does not necessarily infer 
(linear) change in the species abundance and the related narrowing breadth of its ecological 
niche (Sagarin and Gaines, 2002; Samis and Eckert, 2007). It should be mentioned that a 
common issue in such studies is that they do not include whole species ranges into account. 
The same drawback could be applied to our study, however, it was not our primary goal to 
test this theory. Finally, the inconclusive results about the geographic trends in the 
specialization level for the Scleranthion species group could be a consequence of another 
factor influencing the species co-occurrence patterns. We have shown in Figure 12 that the 
plot species richness in weed vegetation (of cereal fields together with stubbles and fallows) 
is highest in southern Europe. This could influence our results (Figure 9) because the theta 
index of individual species’ specialization level is calculated using the number of co-
occurring species. 
 
5.2.3 Pitfalls of specialization at the edge of the distribution area 
Weed species in general were shown to be more generalists than specialists compared to 
floras of other habitats (Boulangeat et al., 2012). Interestingly, more specialized species can 
co-exist when they have large dispersal abilities and when the number of interacting species 
is high (Büchi and Vuilleumier, 2014). Both of these conditions have become increasingly 
restrictive for weed flora since the post-Second World War intensification of farming 
(Richner et al., 2015). Increased use of herbicides and increased frequency of mechanical 
procedures (with the abandonment of rotation) decreased the number and abundance of 
many weed species, particularly specialists, apart from the more resistant ones (Storkey et 
al., 2012; Kolářová et al., 2013; Meyer et al., 2013). Besides having direct negative 
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consequences for the plant biomass, intensification also reduces the seed bank. Impoverished 
seed bank and much-improved seed cleaning techniques severely compromise seed 
dispersal. All of the above can have detrimental long-term consequences on populations of 
specialist weed species (Fried et al., 2010) and can stop them from potential recolonization 
processes in the case of extensification trends in agriculture, even if the vectors and vector 
routes are still present (long-distance trade, short-distance transport). Such irreversible 
changes with the disappearance of specialist weed species lead to functional homogenization 
of weed communities (Fried et al., 2010; Clavel et al., 2011; Šilc, 2015) and the dominance 
of a few generalist species. Low weed species diversity is positively correlated with crop 
yield loss and indicative of the overall sustainability of the cropping system (Storkey and 
Neve, 2018). Identifying species as a specialist is therefore an important step in forming and 
prioritizing conservation measures. 
 
5.2.4 Future outlook 
As is often the case in studies that make use of data obtained for other purposes, the niche 
breadth estimation on the basis of species co-occurrences would also benefit from i) more 
data (for example, the subset representing southeastern Europe consists of a relatively low 
number of plots), ii) more comparable data (i.e. plot size, evenly sampled area, and different 
habitat types …), and ultimately, iii) the availability of such data for the whole area of 
interest. 
 
A task for the future should be to explore additional postulated gradients (stricter south-north 
or west-east directions) or to follow the alternative proposed species migration routes, such 
as the coastal Mediterranean (Jauzein, 1977). An even longer gradient, including centers of 
studied species groups (Caucalidion) or their edges (Scleranthion), would help to either 
consolidate resulting patterns or elucidate the so far pending questions. Furthermore, the 
selection of species for testing the hypothesis of niche shifts in weed species could be based 
on different criteria, such as a chorotype or residence time (native, archaeophyte, or 
neophyte). Different approaches could yield a higher number of common species and would 
enable a more direct assessment of the hypothesis than through phytosociological species 
groups. 
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5.3 CHAPTER 3: GEOGRAPHIC PATTERNS IN ALPHA DIVERSITY OF EUROPEAN 
ANNUAL WEED AND RUDERAL VEGETATION 
 
We analyzed differences in plot species richness in European weed and ruderal vegetation 
resulting from different disturbance regimes and geographical position. Both factors affected 
species richness statistically significantly, however, not according to all our hypotheses. 
Comparable species richness to our findings (roughly 20 species per plot) was found in the 
Czech republic (Lososová and Cimalová, 2009b) and Slovenia (Šilc, 2015) for cereal and 
row-crop fields. In France, where they recorded species richness excluding field edge, they 
found lower numbers, ca. 10–15 species per plot (Fried et al., 2008). 
 
5.3.1 Disturbance type 
Even though the differences in species richness between disturbance types were statistically 
significant, the signal is low. The cereal category exhibits the highest mean species richness 
per plot (24.1 species), and the ruderal exhibits the lowest (18.8 species). 
 
Mean species numbers per plot are highest in the cereal category, even though crop density 
(cereals, oil-seed rape, etc.) can be very high and limits light availability and consequently 
the species number (Rademacher, 1939). However, three main reasons could affect species 
richness in the cereal disturbance type: i) stubble and fallow fields (in the majority following 
cereal crop) are present in the dataset where there is no crop competition for resources 
(Glemnitz et al., 2006; Poggio and Ghersa, 2011), ii) the absence of destructive disturbance 
during the growth period (Lososová and Cimalová, 2009b), and iii) millennia-long history 
of cereal cultivation with many species co-evolving with the phenology of crop species and 
the timing of management practices. If we presume that both management type categories 
represent vegetation types on the high extreme end of the disturbance gradient, the cereal 
category probably represents the less extreme end with less frequent disturbance. In 
agreement with the intermediate disturbance hypothesis, higher species richness in the cereal 
category can be expected (Sousa, 1984; Rosenzweig, 1995: pages 36–39). 
 
Lower mean and median species richness in row-crop and ruderal categories in comparison 
to cereal (Figure 10) could be attributed to more frequent monodominant communities in the 
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former categories (Viciani et al., 2020). One or few dominant species have been shown to 
lower plot level species richness (Poggio and Ghersa, 2011; Czarniecka-Wiera et al., 2019). 
Additionally, in agriculture, lower species richness per plot as a result of efficient weed 
control measures has been favored in the decades after the Second World War. Recently, 
however, experts acknowledge the importance and benefits of species-rich weed 
communities, indicating agronomic and environmental sustainability and actually being 
competitively more balanced than in cases with only a few, but very competitive, weed 
species (Storkey and Neve, 2018). 
 
Finally, weakly pronounced differences between different disturbance types could be 
ascribed to the subjective recording of vegetation communities in phytosociology. 
Researchers tend to record species-rich communities, especially when aiming at floristically 
well-defined plant associations. In practice, this means recording field edges instead of field 
centers, where agricultural practices most strongly (negatively) affect species richness (van 
Elsen, 1989; Meyer et al., 2015; Fonderflick et al., 2020). Preliminary results of the plot 
level species richness comparison with a dataset from weed surveys (made in field cores) 
revealed large differences (not published). In addition, field edges support a lower density 
of crop plants and are subject to the immigration of species from surrounding fields or 
completely different habitat types (grassland, water stream, hedgerows). 
 
5.3.2 Geographic gradients 
Even though several significant differences were found between regions, they are not very 
big. We did not detect a negative (or a positive) trend in species richness in a South to North 
gradient for the whole dataset. We found the highest mean species numbers per plot in the 
Alpine and Boreal regions and the lowest in the Atlantic, Continental, and Steppic regions. 
Mediterranean and Pannonian regions exhibited intermediate mean species richness. 
 
We found support for the hypothesis of decreasing weed diversity with the increasing 
distance from the Near East (Holzner, 1978; see also Figure 14), which is considered the 
most important source of many cereal weeds in Europe (Zohary et al., 2015). Even though 
the trend is statistically significantly positive, it is low (Spearman’s rho 0.1). It has been 
shown that species do not only gradually disappear from weed communities along the 
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proposed gradient, but that a large number of new ones is acquired (Youssef et al., 2020), 
since many primary natural habitats act as donors of species for weed communities (Zohary, 
1950; Nowak et al., 2015). Additionally, the early intensification of agriculture in the 
Atlantic region could contribute to one of the lowest species richness values that we found 
in cereals for that region. The historic changes in agricultural management after the Second 
World War (increased fertilizer input and herbicide use) caused a decrease in arable species 
numbers in fields (Richner et al., 2015). This effect was stronger in Western than in Eastern 
Europe. In the case of very low species richness in the Steppic region (Figure 11 Figure 12), 
which comprises only recent plots (Annex L), the dry climate might contribute a large effect. 
More conclusive results could be obtained with more available data. 
 
The unexpected absence of consistently significant negative correlations between 
geographical latitude and plot species richness can be a consequence of several factors – 
spatial scale, geographical features, and environmental (including anthropogenic) 
characteristics. The majority of studies assessing the correlation between species richness 
and latitude were using data of gamma and beta diversity instead of alpha diversity (Willig 
et al., 2003). The focal scale of the study influences the patterns because different factors 
affect diversity at different scales (Willig et al., 2003). Besides numerous studies focusing 
on other diversity types, alpha diversity has been shown to decrease with distancing from 
the equator in fish (Barbour and Brown, 1974), small mammals (Meserve et al., 1991), and 
bats (Stevens and Willig, 2002). However, scarce studies on plant species did not reveal the 
same pattern (Lenoir et al., 2010). 
 
The latitudinal range and geographical characteristics of the study area also play a role in the 
revealing patterns. For our study area, the latitudinal range of ca. 23 degrees and the global 
position into one temperate belt should show a clear and reliable latitudinal pattern if the 
latitude importantly influences the species richness. Studies covering shorter latitudinal 
ranges or spanning several climatic belts (e.g. tropical, subtropical, temperate) found less 
clear patterns (Willig et al., 2003; Weiser et al., 2007). Additionally, the large-scale 
latitudinal (and longitudinal) patterns are actually proxies for an array of factors, such as 
primary environmental gradient (e.g. temperature, insolation, seasonality (Willig et al., 
2003)), and can therefore be disrupted by the regional geographic characteristics. In the case 
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of Europe, its complicated compartmentalization with regard to the coastal lining or 
topography might cause disruptions in the general latitudinal patterns and consequently 
lower or cover up possible patterns in species richness (Gaston, 2000). On a regional scale, 
climatic gradients such as annual temperature and precipitation do not explain most of the 
total species richness in weed vegetation (Fried et al., 2008; Lososová and Cimalová, 2009b) 
but could be important on a larger, continental scale. However, weed vegetation can be 
considered azonal because it spans over many regions with very different bioclimatic 
conditions. In contrast to azonal vegetation types, governed only by natural environmental 
characteristics, weed vegetation is conditioned mainly by agrotechnical measures. On the 
one hand, the mechanical measures (disturbance) are similar on a continental scale with both 
the type (e.g. plowing and tillage depth) and the timing (e.g. season and frequency). On the 
other hand, measures changing chemical and water-retentive properties of soils, such as 
liming, melioration, irrigation, and fertilization, aim at changing fields with very unfavorable 
conditions to the more intermediate conditions favorable for most crop species (so-called 
levelling by Holzner (1978)). Since in our results, the correlation between latitude and 
species richness differs for the three selected disturbance types, we can assume that type of 
site management affects the dependence of species richness on the geographical position. 
 
5.3.3 Future outlook 
Since the geography in terms of latitude and longitude does not explain much variation in 
species richness on a continental scale, other factors must be acknowledged and explored. 
Datasets used in this and other similar studies (e.g. Fried et al., 2008; Lososová and 
Cimalová, 2009a; Šilc et al., 2009) are very heterogeneous in terms of recording authors, 
plot size, representation of target variables in the dataset (latitude, longitude, crop type), 
temporal span, and others. Surveys with standardized sampling design on pan-European 
initiatives, targeted at answering this specific question, should be encouraged (Glemnitz et 
al., 2006; Lososová et al., 2012). 
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5.4 CHAPTER 4: DISTURBANCE AND BIOGEOGRAPHY SHAPE NEOPHYTE 
RICHNESS IN EUROPEAN ANNUAL WEED AND RUDERAL VEGETATION 
 
Analysis of the level of invasion by neophyte species in European arable and annual ruderal 
vegetation types showed significant differences at the level of the cumulative number of 
species and the number of species per plot, depending on both the management regime and 
biogeography. The percentage of neophytes per plot was highest in row crops and the Steppic 
biogeographical region and lowest in cereal crops and the Boreal region. 
 
5.4.1 Species number and origin  
Literature review revealed that there are 2220 weed species (with archaeophytes included) 
in Europe (Hyvönen and Jalli, 2011), while the whole European alien flora across all habitats 
comprises 5789 species (Lambdon et al., 2008; Pyšek et al., 2009). The number of neophyte 
species in our dataset (483 taxa) represents 7.4 % of all alien species present in Europe and 
15.0 % in our cumulative number of species.  
 
The proportion of neophyte species according to origin (European vs. non-European) in the 
species pool is similar (47 %) and comparable to shares in other habitats (Wagner et al., 
2017; Giulio et al., 2020). According to floristic data, more than half of the alien species 
present in Europe occur in man-made habitats (Pyšek et al., 2009). In contrast, the frequency 
of occurrences of non-European neophytes in vegetation plots is three times higher (83.9 %) 
compared to European neophytes (Figure 15). Several reasons for these patterns were 
proposed by Wagner et al. (2017): the presence of co-evolved herbivores and pathogens, 
chance, and a smaller area where European aliens can spread. Additionally, human impact 
(e.g. agricultural techniques, herbicides, and crop type) could enable or suppress the spread 
of aliens to Europe. For instance, a successful reduction of Ambrosia artemisiifolia in 
sunflower fields requires specific herbicide mixtures and mechanical weed control (Pinke et 
al., 2013). 
 
Neophytes of non-European origin are overrepresented in the Mediterranean anthropogenic 
vegetation because many neophytes arrived in Europe from other Mediterranean climatic 
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regions of the World and are pre-adapted to similar environmental conditions (Cao Pinna et 
al., submitted). On the other hand, Mediterranean Europe is a donor of species for the rest 
of the continent, while species from northern regions are less likely to become alien in the 
south. 
 
5.4.2 Differences in the level of invasion across habitats 
Habitat type is the most important factor determining the level of invasion, usually having a 
stronger influence than climate and propagule pressure (Chytry et al., 2009; González-
Moreno et al., 2013), and man-made habitats are the most invaded habitats (Chytrý et al., 
2005; Pyšek et al., 2009; Küzmič and Šilc, 2017). We have shown that the percentage of 
neophytes in the cumulative number of species in arable and ruderal habitats (13.4 %) is 
more than double compared to European woodlands (Wagner et al., 2017) and sand dunes 
(Giulio et al., 2020). Urban habitats across European cities exhibit an even higher percentage 
(Kalusová et al., 2019). On the other hand, the relative frequency of occurrences of neophyte 
species in vegetation plots shows much larger differences than neophyte percentages in the 
species pool between man-made habitats (7 %), forests (1 %), and dunes (2 %), indicating 
strong human impact. 
 
Urban areas are more invaded than rural areas, and neophytes usually spread from city 
centers to suburbs and agricultural land (Štajerová et al., 2017). Alien completeness of 
agricultural land is low and shows that most of the site-specific species pool is not realized 
(Ronk et al., 2017). Alien species usually require some time to spread across agricultural 
land (Pyšek and Jarošík, 2005), and we can therefore expect further colonization of arable 
fields, followed by environmental and economic damage due to yield loss. 
 
In recent studies of neophyte invasion based on vegetation plots (Chytrý et al., 2008; Küzmič 
and Šilc, 2017), habitat classifications were usually very coarse (based on the EUNIS 
typology at hierarchical level 2 or 3). In our analysis, we were able to distinguish between 
two types of arable land and annual ruderal vegetation. The percentage of neophytes in 
annual ruderal plots was twice as high (Annex S) than in all ruderal habitats pooled (EUNIS 
E5.1) in the Czech Republic, Catalonia, and Great Britain (Chytrý et al., 2008). We also 
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found significant differences between crop types (cereals vs. row crops), which were already 
reported by Lososová et al. (2004) and Pyšek et al. (2005) for Central Europe. The low level 
of invasion in cereals could be explained firstly by higher competition with crops (high 
density and height) and with other weed species. Archaeophytes that co-evolved with cereals 
are particularly good competitors, being well adapted to cereal crop type (Brun, 2009). 
Secondly, a lower level of disturbance in cereal fields could cause lower invasibility. 
Contrarily, row crops and annual ruderal vegetation are both frequently disturbed, allowing 
neophytes to invade heterogeneous patchy open space (Davis et al., 2000). 
 
5.4.3 Differences in the levels of invasion between regions 
Neophyte level of invasion varies greatly across biogeographical regions. The Atlantic 
region has the highest neophyte species pool, which is similar to findings for woodlands 
(Wagner et al. submitted), sand dunes (Giulio et al., 2020), and also for the whole of 
European flora (Lambdon et al., 2008; Ronk et al., 2017). Several reasons could explain the 
higher proportion of neophytes in NW Europe: a mild climate without severe drought, 
intensive agriculture and urbanization, lower native species richness, southern species 
expanding their range and becoming neophytes in the northern regions, and higher intensity 
of overseas trade (Lambdon et al., 2008; Ronk et al., 2017; Wagner et al. in review). 
 
The Mediterranean region has the highest percentage of alien species per plot in row crops 
and the lowest in cereals. Habitat comparison of three European regions showed the highest 
percentage of aliens per plot within arable land in Catalonia (Chytrý et al., 2008), and this is 
probably because of abundant neophytes in row crops. Archaeophytes that co-evolved with 
cereals are more abundant in that crop type which is usually grown on drier land, while row 
crop fields are more mesic (often irrigated), nutrient-rich, and support more neophyte species 
(Chytrý et al., 2008). In row crops, vineyards, and orchards in southern Europe, irrigation 
supports a higher abundance of neophytes, most notably C4 species (Juárez-Escario et al., 
2018).  
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6 CONCLUSIONS 
 
In the first chapter, we 
 reviewed important historical and recent phytosociological works and found a 
number of different classification schemes. A small number of descriptors describe 
most of the high-level classification discrepancies between different schemes; 
 found, based on our own classification analysis, that annual weed and ruderal 
vegetation in Europe are best delimited to four main groups corresponding to class 
level in the phytosociological hierarchy; 
 revealed that although there are also four classes in the currently proposed system of 
vegetation syntaxa (Mucina et al., 2016), there is a considerable mismatch in the 
comprising vegetation types between the two schemes. This is expected when 
performing classification analyses on a large, comprehensive dataset instead of 
combining regional classification schemes into one continental (Peterka et al., 2017; 
Marcenò et al., 2018). 
In the process of data compilation for the study, we identified large gaps in the existence and 
availability of vegetation plots with regard to geographical regions and vegetation types 
(Küzmič et al., 2020). In some cases, these are extensive and future research should fill them 
in order to further improve the classification scheme by completing geographical and 
vegetational coverage.  
 
The research in the second chapter deals with the ecological theory of the change of species 
abundance in relation to distance from the center of its distribution area (Brown, 1984). We 
tested this theory on two weed vegetation types and  
 we found strong support for the theory in the case of weed species characteristic for 
cereal fields on base-rich soils (alliance Caucalidion), however, for the group of 
species characteristic for cereal fields on acidic soils (alliance Scleranthion), the 
results were inconclusive.  
The confounding results reveal the exceptions to the general theory on the one hand and the 
challenges in the methods used for testing the theory on the other. We found the theory to 
be easily confirmed for species certainly occurring at the edge of their distribution area and 
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largely confined to the studied vegetation type (alliance Caucalidion) but less so when the 
study area is less clear regarding this position, and the species occur in a wider array of 
vegetation types (alliance Scleranthion). Nevertheless, we argue that weed species can be 
used for testing general ecological theories. 
 
In the third chapter, we explored patterns in plot-level species richness (alpha diversity) 
across three different disturbance regimes (in arable and ruderal land), seven European 
biogeographical regions, and along geographical latitude and longitude.  
We found that:  
 species richness of annual weed and ruderal vegetation decreases with a non-linear 
trend with increasing latitude but not across all tested groups; 
 species richness in cereal fields decreases along an East-West gradient, and; 
 species richness differs between sites with different disturbance regimes. 
Despite several detected differences, these are not large, which is in agreement with the few 
other studies that explored alpha diversity of plant species on large scales (e.g. Lenoir et al., 
2010). Data on beta and gamma diversity seem to be much more conspicuous. The same can 
be seen for the relationship between species richness and latitude, which is one of the longest 
known patterns in macroecology with a very consistent decrease in species richness with the 
increasing distance from the equator (Willig et al., 2003). We argue that weed and ruderal 
vegetation with its azonal character and Europe’s pronounced geographic 
compartmentalization probably confound the latitudinal patterns in species richness. 
 
In the fourth chapter, we performed the most comprehensive assessment of alien plant 
invasions in man-made habitats in Europe so far. We found that  
 annual weed and ruderal vegetation expresses high species pool-wise as well as plot-
wise level of invasion, especially compared to other vegetation types in Europe; 
 disturbance variability and intensity influences the level of invasion (with a much 
stronger indication at the species pool level) with ruderal sites expressing the highest 
level of invasion, supporting the »fluctuating resources hypothesis« (Davis et al., 
2000), and; 
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 level of invasion varies considerably across different biogeographical regions, which 
is in agreement with the findings based on floristic data (Lambdon et al., 2008) and 
points to the need for the search of important drivers responsible for these now well-
supported patterns. 
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7 SUMMARY 
 
7.1 SUMMARY 
 
Weed and ruderal vegetation research reaches back to the 1920s, to the beginnings of Braun-
Blanquet’s school of phytosociology. Weed and ruderal vegetation relies strongly on human 
activities, and being composed of mainly annual species, it can respond to changes in the 
environment very fast. Despite these characteristics (or because of them), this vegetation 
type represents a valuable study object to test theories often constructed having more natural 
phenomena in mind. 
 
7.1.1 Chapter 1: Classification of annual weed and ruderal vegetation 
Classification of weed and ruderal plant communities has been changing to a large extent in 
the course of almost a hundred years of phytosociology. The increasing data acquisition, 
different classification criteria, and different analytical methods lead to a large number of 
regional (incompatible) classification schemes. With the increased data availability (and 
geographic coverage) and well developed statistical methods, it is now possible to achieve 
objective unified classification schemes for larger geographic areas. We obtained a large 
dataset of vegetation plots covering the European continent and used it in a number of 
classification analyses differing in set parameters. Using several indicators of the optimal 
number of clusters, we selected the classification resulting from partitioning around medoids 
with four main clusters. The four clusters overlap, to a certain degree, with the four classes 
comprising annual weed and ruderal vegetation in the current overview of European 
vegetation types (Mucina et al., 2016). However, we found two important discrepancies: i) 
the group of Mediterranean cereal weed communities currently comprising the order 
Gladiolo illyrici-Ridolfietalia segeti would deserve a higher syntaxonomic rank since it is 
consistently classified separately from other vegetation types, and ii) the class Digitario 
sanguinalis-Eragrostietea minoris, which was newly described by Mucina et al. (2016), 
seems to be closely related to the class of (mostly) temperate ruderal communities 
Sisymbrietea and should be merged with the latter. The classification analyses and the 
interpretation of their results strongly depend on the scope breadth of the included vegetation 
types, becoming more meaningful with the increasing scope. However, a larger scope at the 
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same time means an increased amount of vegetation plots with less distinct species 
composition or low species number, both of which decrease the stability of the classification. 
In the process of data compilation and interpretation of the results, we identified large gaps 
in the data and knowledge availability for several geographical areas as well as vegetation 
types, both of which should be filled with the aim of reaching a stable continent-wise 
classification scheme. 
 
7.1.2 Chapter 2: Ecological niche breadth changes along the continental gradient in 
European weed species 
In ecology, the concept of species ecological niche has numerous interpretations and 
implications. One of them is the gradient of the species niche breadth with extreme 
specialists on one end and generalists on the other. The niche breadth can be assessed in 
several different ways which depend on the underlying premises. One of them is that a 
generalist species co-occurs with many other species, and vice versa. One of the major 
implications of the niche breadth concept is that it can differ across the species’ distribution 
area, being narrower to its edges. We tested this theory on two types of weed vegetation: 
weed vegetation in cereal crops on base-rich soils (alliance Caucalidion) and weed 
vegetation in cereal crops on acidic soils (alliance Scleranthion). The premise was that 
species characteristic of the first group migrated to Europe from the Near East together with 
the spread of agriculture and therefore meet the edge of their distribution area in 
Northwestern Europe. Contrarily, species characteristic of the second group are most 
characteristic and frequent in Northwestern Europe and become less so toward Southeastern 
Europe. We tested the degree of specialization for the species of these two groups separately 
using a theta indicator (using co-occurrence data) developed from Whittaker’s beta index 
for the purpose of studies on species specialization. We selected three regions along a 3200 
km long Southeast-Northwest transect across Europe and hypothesized that the change in 
the degree of specialization will increase in the opposite direction for the two species groups. 
We found confounding results with the increase in the degree of specialization toward 
Northwestern Europe for the Caucalidion species group, which had already been shown on 
a shorter transect in a previous study. For the Scleranthion species group, however, we did 
not find a consistent trend in the degree of specialization along the selected transect, arguing 
that these species do not yet reach the edge of their distribution area in Europe but also that 
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from the methodological point of view, the representation of all habitats where a target 
species occurs in the studied area must be achieved. With the increasing number of existing 
and available plots covering whole ranges of target species, this type of data will become a 
valuable source for testing ecological niche theory and its implications. 
 
7.1.3 Chapter 3: Geographic patterns in alpha diversity of European annual weed 
and ruderal vegetation 
Species richness is one of the most common indices of species diversity, being easy to 
measure and with a vast amount of data available. Vegetation records provide 
comprehensive information on species richness on a small scale, also called alpha diversity. 
Numerous factors influence plant species richness differing across taxonomic groups, spatial 
scale, or the scope of the study. One of the longest known patterns of species richness is its 
decrease with the increasing distance from the equator, stemming from the differences in 
energy availability. However, such patterns were found with studies on floristic data of local 
and regional scale (e.g. gamma diversity). Much less is known about patterns in species 
richness on plot level along latitudinal gradients. In the case of European weed vegetation, 
we can also assume there are patterns along the longitudinal gradient due to the well-
established theory of weed species (especially in cereal crops) migrating from the Near East 
together with the Neolithic spread of agriculture. In this chapter, we therefore analyzed the 
alpha diversity in weed vegetation along latitudinal and longitudinal gradients for three 
different disturbance types – cereals (no disturbance during growth period), row crops 
(several disturbances during growth period), and ruderal (disturbances with varying intensity 
and frequency on non-arable land). Calculating Spearman’s rank correlation rho and fitting 
linear to three polynomial models, we assessed the trends in species richness. We found a 
rather low correlation between species richness and latitude. It decreases with increasing 
latitude for cereal and ruderal categories but increases for the row crop category. For the 
longitudinal gradient, the only significant correlation is for the increasing species richness 
with increasing longitude in cereals. None of the trends for either latitude or longitude were 
linear. The increasing species richness in cereal fields towards East is in agreement with our 
hypothesis, however, we acknowledged the possibility that another important factor 
contributes to the pattern, such as the early intensification of agriculture in Western Europe 
that was aiming at the lowest possible weed species richness. Lack of strong patterns in 
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species richness along geographical gradients wasn’t expected, however, other studies in 
different vegetation types have also shown that alpha diversity does not respond as strongly 
to large-scale gradients as do beta and gamma diversities. Additionally, we argued that the 
azonal character of weed and ruderal vegetation and pronounced geographic 
compartmentalization of the European continent may disturb or lower the influence of 
geographic gradients. 
 
7.1.4 Chapter 4: Disturbance and biogeography shape neophyte richness in 
European annual weed and ruderal vegetation 
Man-made habitats are one of the most invaded by neophyte plant species, but the more 
detailed pattern between different anthropogenic vegetation types comprising annual species 
hasn't been explored so far. So we aimed at assessing i) the continental level of neophyte 
invasion on arable land and ruderal sites with annual vegetation, ii) the biogeographical 
patterns of these invasions, and iii) the effect of different management types on neophyte 
invasion. We assessed the level of invasion at both the species pool and plot levels by 
calculating species number and percentage of neophytes in three management types (cereal, 
row crop, ruderal) and seven biogeographical regions (Alpine, Atlantic, Boreal, Continental, 
Mediterranean, Pannonian, and Steppic). Among neophyte species, we distinguished those 
of European and non-European origin. We found 483 alien species (15 % of the whole 
species pool) in the annual vegetation of man-made habitats. Almost half (47 %) of them 
were of non-European origin. The mean percentage of neophytes per plot was highest in row 
crops and lowest in cereals. The neophyte invasion level of the species pool differed 
considerably between biogeographical regions, with the highest number of neophytes found 
in the Atlantic biogeographical region, while the lowest in the Steppic region. On a plot 
level, the highest percentage of neophytes is in the Steppic region and the lowest in the 
Boreal. Our study shows that annual vegetation in man-made habitats are one of the most 
invaded vegetation types in Europe and that both disturbance and geography influence the 
level of neophyte invasion. Monitoring and intervention management measures are needed 
also in man-made habitats to manage plant invasions. 
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7.2 POVZETEK 
 
Fitosociologija je veda, ki raziskuje rastlinske združbe in vplive, ki jih oblikujejo, ter 
predstavlja eno vodilnih ved na področju raziskovanja vegetacije. Rastlinske združbe 
odražajo okoljske razmere (tako naravne kot oblikovane s strani človeka), pri čemer na 
njihovo sestavo in strukturo vplivajo tudi medvrstni odnosi. 
 
Pleveli so rastline, ki negativno vplivajo na cilje in potrebe ljudi (Notarissen and Notarissen, 
2008). V ožjem (in tradicionalnem) smislu lahko plevele in plevelno vegetacijo označimo 
kot rastline, ki rastejo na obdelovalnih površinah (njive, vinogradi, vrtovi) in tekmujejo za 
vire z gojenimi rastlinami. Plevelna vegetacija na takih rastiščih sestoji predvsem iz 
enoletnih vrst s pionirsko, ruderalno strategijo. Rastline s podobnimi ekološkimi 
značilnostmi sestavljajo tudi vegetacijo ruderalnih rastišč, predvsem tistih v zgodnjih 
sukcesijskih stadijih po motnji, a tudi na tistih s pogostimi in intenzivnimi motnjami ali takih, 
kjer sezonska obdobja skrajnih razmer (kot je poletna suša) podpirajo uspevanje enoletnih 
rastlinskih vrst. 
 
Pri plevelni vegetaciji človekove dejavnosti zelo pomembno vplivajo na oblikovanje 
rastlinskih združb (Zdeňka Lososová et al., 2004; Fried et al., 2010). Med 
najpomembnejšimi dejavniki so bili do sedaj izpostavljeni tip poljščine (predvsem dve 
kategoriji – žito ali okopavine), čas sejanja (jeseni ali spomladi), globina oranja in drugi. 
Poleg človekotvornih (antropogenih) dejavnikov pa na vrstno sestavo in strukturo vplivajo 
tudi okoljski dejavniki, kot so kislost in struktura tal, in geografski, kot so nadmorska višina 
ter geografska širina in dolžina.  
 
V doktorski nalogi smo raziskovali vrstno sestavo in število vrst plevelne in enoletne 
ruderalne vegetacije v Evropi. Pri tem nas je zanimal predvsem vpliv (bio)geografskih in 
človeških dejavnikov kot vzrokov za spremembe v vrstni sestavi in vrstni pestrosti. 
 
V povzetku z namenom lažjega branja uporabljamo skrajšana imena sintaksonov, pri čemer 
se nanašajo na sintaksone iz pregleda po Mucina et al. (2016). Doktorska naloga je razdeljena 
na štiri vsebinska poglavja, katerih krajši povzetki so predstavljeni v nadaljevanju. 
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7.2.1 Prvo poglavje: Razvrščanje enoletne plevelne in ruderalne vegetacije  
 
Uvod 
V človekovi naravi je, da klasificira in razvršča predmete in pojme v svoji okolici (Richards, 
2016). Fitosociologija utemeljitelja Braun-Blanqueta je vodilna veda za proučevanje 
vegetacije v Evropi (Braun-Blanquet, 1964; Dengler et al., 2008). Glavno vodilo za 
razvrščanje rastlinskih združb v abstraktne enote je floristična sestava. Sistem za razvrščanje 
rastlinskih združb sestoji iz štirih glavnih hierarhičnih nivojev – asociacija, zveza, red in 
razred (od najnižjega do najvišjega nivoja). Razvrščanje združb plevelne in enoletne 
ruderalne vegetacije se je spreminjalo od začetkov vede v zgodnjih tridesetih letih 20. 
stoletja. Sprva so bile skupaj z vegetacijo pohojenih tal, večletno ruderalno vegetacijo, 
vegetacijo sipin in občasno suhih obrežij uvrščene v skupen razred. Kmalu so jih razvrstili 
v poseben razred ali dva razreda, v zadnjem primeru bodisi na podlagi biogeografije (v 
sredozemski regiji ali v zmernih podnebjih) bodisi vrste motnje (i) vegetacija v žitih ali 
vegetacija v okopavinah in na ruderalnih krajih ali ii) vegetacija na njivah ali vegetacija na 
ruderalnih krajih) (Braun-Blanquet in Tüxen, 1943; Braun-Blanquet et al., 1936, 1952; 
Tüxen, 1950; Gutte in Hilbig, 1975). Nedavno je bila predlagana delitev v štiri ločene 
razrede, ki so oblikovani predvsem na podlagi obeh prej omenjenih kriterijev (Mucina et al., 
2016). V skladu z različnimi predlaganimi koncepti se razlikujejo tudi obstoječi nacionalni 
in regionalni pregledi vegetacije, kjer sta plevelna in ruderalna vegetacija razvrščeni v 
različne razrede. 
 
Konkretno nas je zanimalo: 
 kakšni koncepti razvrščanja plevelne in enoletne ruderalne vegetacije na najvišjem 
hierarhičnem nivoju so se razvili in kateri koncepti so največkrat uporabljeni v 
pregledih vegetacijskih tipov; 
 kako lahko razvrščamo plevelne in enoletne ruderalne rastlinske združbe, če 
uporabimo enoten podatkovni nabor, ki pokriva celotno Evropo. 
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Metode 
Oblikovanje nabora vegetacijskih popisov 
Podatke (vegetacijske popise s spremljevalnimi informacijami) smo pridobili iz Evropskega 
vegetacijskega arhiva (European Vegetation Archive) (Chytrý et al., 2016), v katerega je 
vključena tudi nova podatkovna baza European Weed Vegetation Database (Küzmič et al., 
2020), ki smo jo naredili za potrebe te raziskave. V njej so zbrani popisi plevelne vegetacije, 
ki jih v drugih podobnih podatkovnih bazah ni. Za naš nabor smo izbrali vse popise, ki so 
ustrezali štirim tarčnim razredom (Papaveretea rhoeadis, Chenopodietea, Sisymbrietea in 
Digitario sanguinalis-Eragrostietea minoris) na podlagi značilnih vrst, kot so opredeljene v 
Mucina et al. (2016). Tako pridobljen začetni nabor je vključeval 84.185 popisov in 14.102 
taksonov. Nomenklaturo taksonov smo poenotili glede na Euro+Med PlantBase 
(www.emplantbase.org; dostopano avgusta 2018). Izbrisali smo vse taksone, ki niso višje 
rastline, in vse, ki niso bili določeni do nivoja vrste. Taksone na podvrstnem nivoju smo 
združili na nivo vrste, nekatere težje določljive vrste pa na nivo agregatov. Nabor popisov 
smo z metodo združevanja razvrstili v skupine (ang. clusters) in s pregledom značilnih vrst 
vsake skupine izbrisali tiste, ki niso ustrezale tarčnim razredom. Izbrisali smo tudi popise, 
ki so jih večinsko sestavljale redke vrste (s frekvenco 3 ali manj). Po tem koraku smo, da bi 
zmanjšali šum v kasnejših analizah, iz tabele izbrisali vrste, ki so se pojavljale v največ treh 
popisih.. Gojene vrste smo iz popisov izbrisali, če so presegle določen prag, za katerega smo 
predvidevali, da kaže na dejansko gojenje te vrste in ne le na spontano pojavljanje (Priloga 
B). Da bi zmanjšali število popisov na območjih z visoko gostoto popisov v primerjavi z 
območji z nizko gostoto, smo popise razdelili v celice, in sicer velikosti 7,5 stopinj 
geografske širine in 12,5 stopinj geografske dolžine (popise brez geografskih koordinat smo 
prej izbrisali). Iz vsake celice smo z uporabo slučajnega ponovnega vzorčenja, omejenega z 
raznolikostjo (ang. heterogeneity constrained random resampling; Lengyel et al., 2011), 
izbrali največ 12 popisov. S tem korakom smo pridobili končni nabor popisov, sestavljen iz 
29.668 popisov in 2894 taksonov. Ker imajo vsi izbrani popisi geografske koordinate, smo 
jim dodatno pripisali, v katero biogeografsko regijo spadajo (EEA, 2016), nabor 
bioklimatskih spremenljivk in nadmorsko višino, ki manjka v mnogih popisih (Fick in 
Hijmans, 2017). Vsakemu popisu smo glede na opise rastišča (če je bilo zabeleženo) v 
spremljevalnih podatkih pripisali eno od treh kategorij, ki odražajo tip motnje na rastišču: 
žito, okopavina in ruderalno rastišče (Priloga O). Za pridobitev podatkov na podlagi 
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geografskih koordinat smo uporabljali program ArcGIS (Environmental Systems Research 
Institute Inc., 2015), za urejanje tabele popisov program JUICE (Tichý, 2001) in paket dplyr 
v programu R (Wickham et al., 2019). 
 
Razvrščanje v skupine 
V prvem koraku analiz razvrščanja v skupine smo uporabili več različnih pristopov (metode 
združevanja ali cepitve v skupine) z več različnimi parametri (metode različnosti med popisi, 
povezovanja popisov). S pregledom skupin na več različnih ravneh (različno število skupin) 
smo dobili vpogled v nabor popisov in njegovo strukturo. Različne metode so nakazovale 
podobne glavne vzorce razvrščanja v skupine, a smo med njimi izbrali dve metodi, pri 
katerih je bilo 100 pridobljenih skupin zelo podobnih (i) k-means z 10 začetnimi popisi za 
centroid, 10 začetki in korenjenimi vrednostmi pokrovnosti in ii) hierarhična metoda 
združevanja v skupine z metodo različnosti Bray-Curtis, metodo povezovanja popisov 
flexible ß –0,25 in logaritmično spremenjenimi vrednostmi pokrovnosti). 100 skupin, 
pridobljenih z zgoraj opisano hierarhično metodo, smo podrobno raziskali z vidika 
indikatorskih skupin vrst (Chytrý in Tichý, 2003) in zemljevidov razširjenosti ter jih 
primerjali z opisi zvez vegetacijskih tipov v literaturi. Vsaki skupini smo tako pripisali tip 
vegetacije glede na opise v literaturi (Priloga F). Na koncu smo na kratko navedli nekatere 
razloge, zakaj nekaterih zvez, ki smo jih pričakovali glede na vključitev v tarčne razrede 
(Mucina et al., 2016), nismo mogli potrditi (Priloga D). 
 
V drugem koraku razvrščanja v skupine smo želeli oceniti najustreznejše število skupin, ki 
bi predstavljale poglavitne tipe plevelne in enoletne ruderalne vegetacije v Evropi. V ta 
namen smo uporabili 100 skupin iz prvega koraka, ki smo jih pretvorili v 100 sinoptičnih 
stolpcev, kjer so vrste predstavljene s frekvenco pojavljanja v skupini, izraženo v odstotkih 
(kot recimo v Matevski et al., 2018; Goncharenko et al., 2020). Teh 100 stolpcev smo 
ponovno razvrščali v skupine z uporabo različnih metod: i) hierarhično združevanje v 
skupine z Evklidsko razdaljo s pretvorbo Hellinger ter povezovanjem po Wardu, ii) 
hierarhično združevanje v skupine z različnostjo po Bray-Curtisu in povezovanjem flexible 
ß –0,25 ter iii) nehierarhično deljenje v skupine s popolno razvrstitvijo okoli medoidov na 
podlagi različnosti po Bray-Curtisu. Vrednosti pokrovnosti niso bile spremenjene v nobeni 
od metod. Razvrščanje v skupine smo izvedli delno v programu JUICE (Tichý, 2001) in 
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delno v paketu cluster v programu R (Maechler et al., 2019). Za vsako od dobljenih 
razvrščanj smo ocenili najprimernejše število skupin z naborom notranjih kazalcev 
veljavnosti (ang. internal validation indices): i) povprečna širina obrisa (ang. average 
silhouette width), ii) Pearsonova izvedba koeficienta gamma po Hubertu in iii) razmerje med 
povprečno razdaljo znotraj skupin in povprečno razdaljo med skupinami. Kazalniki so bili 
izračunani v paketu fpc v programu R (Hennig, 2020). Vsako od skupin smo opisali s 
seznamom treh kategorij indikatorskih vrst: i) značilne vrste (koeficient phi > 0.17 za vrste 
z neznačilno zgoščenostjo v skupini po Fisherjevem natančnem testu neodvisnosti – p < 
0.001), i) stalne spremljevalke (frekvenca v skupini > 10 %) in iii) prevladujoče vrste 
(frekvenca popisov v skupini, kjer vrsta preseže pokrovnost 15 %). Pred izračunom 
navezanosti so bile velikosti skupin virtualno poenotene (Tichý in Chytrý, 2006). 
 
Ordinacija 
Z namenom ugotoviti poglavitne dejavnike, ki označujejo dobljene glavne skupine, smo 
popise prikazali na diagramu korespondenčne analize z zmanjšanim trendom (DCA), na 
katerega smo dodali pasivno prikazane naslednje spremenljivke: i) vrsta motnje, ii) 
biogeografska regija, iii) geografska širina in dolžina ter iv) nabor bioklimatskih 
spremenljivk. 
  
Rezultati 
Različne kombinacije metod razvrščanja v skupine smo ovrednotili s kazalniki veljavnosti. 
V večini primerov bi na podlagi kazalnikov lahko izbrali od 2 do 5 glavnih skupin. Na koncu 
smo izbrali možnost s štirimi glavnimi skupinami, ki smo jih dobili z nehierarhičnim 
deljenjem v skupine s popolno razvrstitvijo okoli medoidov na podlagi različnosti po Bray-
Curtisu (Slika Figure 5). Zanjo smo se odločili zaradi: i) visokih vrednosti kazalnikov 
veljavnosti, ii) ekološko jasno opredeljenih skupin, ki so dobro ločene tudi na diagramu 
ordinacijske analize, ter iii) visoke skladnosti s trenutno predlaganim sistemom vegetacijskih 
tipov. Prva skupina ustreza redu Gladiolo italici-Ridolfietalia segeti in delno zvezi 
Caucalidion (oba iz razreda Papaveretea rhoeadis) ter zajema popise na obdelovalnih 
površinah na območjih z (ob)sredozemskim podnebjem (Table 4, Figure 6). Druga skupina 
ustreza preostalemu delu razreda Papaveretea rhoeadis (redova Aperetalia spicae-venti in 
Papaveretalia rhoeadis), ki ga predstavlja vegetacija na obdelovalnih površinah v zmernem 
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podnebju Evrope. Tretja skupina zajema popise, ki ustrezajo večini razreda Chenopodietea 
(redova Brometalia rubenti-tectorum in Geranio purpureae-Cardaminetalia hirsutae) ter 
manjšemu delu razreda Digitario sanguinalis-Eragrostietea minoris (zveza Diplotaxion 
erucoidis). Ti popisi predstavljajo predvsem ruderalno in polnaravno vegetacijo (travišč in 
obronkov) v regijah z milimi zimami. Zadnja, četrta skupina predstavlja popise ruderalne in 
plevelne vegetacije tako na območjih s sredozemskim kot zmernim podnebjem, ki jih 
uvrščamo v razrede Sisymbrietea, Digitario-Eragrostietea ter v manjšem delu 
Chenopodietea (zveza Chenopodion muralis). Razlike v vrstni sestavi najbolje pojasnijo 
geografska širina in povprečna letna temperatura ter tip motnje. 
 
Razprava 
V prvem koraku analize razvrščanja nam med 100 začetnimi skupinami ni uspelo potrditi 
velikega števila tipov vegetacije, opisanih na nivoju zvez (Priloga D; Mucina et al., 2016). 
Mislimo, da za to obstajajo trije glavni razlogi: i) podatki (bodisi terenskega dela ali 
digitalizirani podatki) so pomanjkljivi, ii) opisi zvez so pomanjkljivi (z bodisi premajhnim 
številom značilnih vrst ali pa so te vrste splošno razširjene, kar otežuje njihovo razločitev), 
iii) nekatere zveze so sinonimi že prej opisanih zvez, a še niso bili prepoznani kot taki. 
 
Z novo analizo razvrščanja v skupine smo določili štiri glavne tipe plevelne in enoletne 
ruderalne vegetacije v Evropi. Ugotovili smo, da sta dva dejavnika, ki sta bila v zgodovini 
fitosociologije vedno znova prepoznana kot pomembna pri regionalnem razločevanju 
podtipov te vegetacije, pomembna tudi za razločevanje podtipov na celinskem nivoju (Slika 
Figure 8). Prvi dejavnik je biogeografija, ki razločuje predvsem združbe v 
(ob)sredozemskem in združbe v zmernih podnebjih (Tüxen, 1950; Braun-Blanquet et al., 
1952; Mucina et al., 2016), drugi pa tip motnje, ki razločuje združbe plevelov v žitih, združbe 
plevelov v okopavinah, ruderalne združbe in združbe na polnaravnih rastiščih (Gutte in 
Hilbig, 1975; Oberdorfer, 1993b; Berg et al., 2004; Mucina et al., 2016). Spodaj 
predstavljeni dobljeni štirje glavni tipi plevelne in ruderalne vegetacije v celoti ne ustrezajo 
nobenemu sintaksonu, kot so jih predlagali Mucina et al. (2016), a so vendarle razložljivi z 
opisanimi sintaksoni: 
1. Kot prva skupina je bil, zanimivo, v več razvrščanjih opredeljen red Gladiolo italici-
Ridolfietalia segeti, ki še ni bil veljavno opisan (Mucina et al., 2016) in zajema tri 
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zveze (Roemerion hybridae, Ridolfion segeti in Rumicion bucephalophori). Z našimi 
analizami smo ga potrdili kot posebno skupino, ki jo je smiselno obravnavati 
samostojno.  
2. Druga skupina ustreza štirim zvezam, ki predstavljajo plevelno vegetacijo v zmernih 
podnebjih Evrope (Caucalidion, Scleranthion annui, Oxalidion europaeae in 
Veronico-Euphorbion). Te so bile v nekaterih sistemih razvrščanja združene v 
podrazred Violenea arvensis (Hüppe in Hofmeister, 1990). Poseben primer je zveza 
Spergulo arvensis-Erodion cicutariae, ki predstavlja plevelno vegetacijo v 
okopavinah in zavzema prehoden ekološki položaj med dvema drugima zvezama 
(Oxalidion europaeae in Eragrostion), ki predstavljata dva ekstrema na gradientu 
vlažnosti. Ta tip vegetacije so v različnih razvrščanjih včasih umeščali skupaj s 
plevelno vegetacijo zmernih podnebij (večina razreda Papaveretea rhoeadis, 
vključno z zvezo Oxalidion europaeae), včasih pa skupaj s toploljubno plevelno 
vegetacijo in ruderalno vegetacijo (razred Digitario sanguinalis-Eragrostietea 
minoris, vključno z zvezo Eragrostion). Z našo analizo smo potrdili razvrščanje 
zveze Spergulo arvensis-Erodion cicutariae, kot ga opredeljuje druga navedena 
razvrstitev. 
3. Tretja skupina predstavlja večino razreda Chenopodietea, kot je predlagan v seznamu 
Mucine et al., (2016), z izjemo zveze Chenopodion muralis. Slednja predstavlja 
nitrofilno nizko rastočo ruderalno vegetacijo v Sredozemlju in ravno nitrofilnost 
verjetno povzroča močno podobnost s toploljubno plevelno in ruderalno vegetacijo 
v zmernih podnebjih (Fanelli in Lucchese, 1998). V naši analizi je bila zveza 
Chenopodion muralis tako uvrščena v četrto glavno skupino. Nov je tudi predlog 
razvrščanja (pod)zveze Malv(en)ion parviflorae, ki predstavlja jasno razločeno 
skupino z dvema zelo močnima značilnima vrstama Sisymbrium irio in Malva 
parviflora. Običajno je bil ta tip vegetacije uvrščen v zvezo Chenopodion muralis, 
vendar se od ostalih združb v tej zvezi razlikuje v tem, da doseže razvojni optimum 
spomladi, medtem ko druge združbe dosežejo optimum poleti ali jeseni. Verjetno je 
to razlog za pridružitev združb Malvion parviflorae k združbam redov Brometalia 
rubenti-tectorum in Geranio purpureae-Cardaminetalia hirsutae, ki oblikujeta tretjo 
večjo skupino plevelne in ruderalne vegetacije Evrope. 
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4. Četrta skupina zajema predvsem ruderalno, a tudi plevelno vegetacijo iz vseh 
biogeografskih regij Evrope. Fitosociološko ustreza celotnima razredoma 
Sisymbrietea in Digitario sanguinalis-Eragrostietea minoris ter zgoraj omenjeni 
zvezi Chenopodion muralis s.str. Za razliko od prejšnje skupine večina teh tipov 
vegetacije doseže optimalni razvoj poleti in jeseni. Enoletna ruderalna vegetacija je 
bila v preteklosti razvrščana bodisi v podrazred Sisymbrienea (Borhidi et al., 2012; 
Biondi et al., 2014) bodisi v svoj razred Sisymbrietea (Dengler, 2003; de Foucault, 
2012), vendar je v obeh primerih obsegala tudi združbe redov Brometalia rubenti-
tectorum in Geranio purpureae-Cardaminetalia hirsutae, ki sicer oblikujeta 
prejšnjo, tretjo skupino. Čeprav četrta glavna skupina zajema predvsem dva že 
opisana razreda, nobena od naših analiz združb v tej skupini ne razloči na način, ki 
bi ustrezal omenjenima razredoma (Mucina et al., 2016). 
 
Nedavne raziskave razvrščanja vegetacije na velikem obsegu se glede uporabljene 
metodologije precej razlikujejo tako v pristopu kot tudi v kazalnikih in »post-hoc« analizah 
(npr. Peterka et al., 2017; Willner et al., 2017; Goncharenko et al., 2020; Novák et al., 2020). 
Razlogi so različni, med njimi so: i) računalniške omejitve, ii) lastnosti nabora podatkov in 
iii) preference raziskovalca. Neizogibno je, da različne metodologije vodijo do različnih 
sistemov razvrščanja, je pa odvisno od lastnosti nabora podatkov, kako zelo različni so. 
Nestabilnost razvrščanja nekaterih tipov vegetacije je posledica okoljskih gradientov in 
»diskretnih« dejavnikov, kombinacija katerih povzroča postopne prostorske in časovne 
spremembe v vrstni sestavi (npr. Goncharenko et al., 2013). Pri razvrščanju večjih in bolj 
raznolikih naborov podatkov lahko pričakujemo manjšo skladnost pri uporabi različnih 
metodologij. V naših analizah so se nekateri tipi vegetacije izkazali za zelo stabilne in 
dosledno oblikovane (npr. zvezi Malvion neglectae in Rumicion bucephalophori ter par zvez 
Laguro-Vulpion in Laguro-Bromion). Ti so v ordinacijskem prostoru postavljeni na robu in 
nakazujejo verjetno povezavo z manj antropogenimi oziroma bolj naravnimi tipi vegetacije 
(npr. razred Ammophiletea ali Helianthemetea guttati). Vsi našteti primeri nakazujejo, da 
vrstno sestavo plevelnih in ruderalnih rastlinskih združb (ki jih povzroča delovanje človeka) 
močno oblikujejo geografsko in okoljsko najbližji naravni vegetacijski tipi. Tak pojav je že 
bil dokumentiran za vegetacijo zidov v mestih (Láníková in Lososová, 2009) in predlagan 
za primer plevelne vegetacije (Brullo et al., 2007). 
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Zaključki 
V naši raziskavi razvrščanja evropske plevelne in ruderalne vegetacije smo z uporabo 
najcelovitejšega nabora podatkov doslej prepoznali štiri glavne tipe. Interpretaciji tipov 
vegetacije z vidika fitosocioloških enot mora slediti tudi izgradnja avtomatiziranega 
postopka za uvrščanje novih popisov v fitosociološki sistem (ang. expert system). Ta temelji 
na značilnih vrstah, dobljenih iz manjšega (pod)nabora tipičnih popisov posameznega tipa 
vegetacije. V prihodnjih korakih bomo s podobno metodologijo razvrščanja vzpostavili 
sistem tipov plevelne in ruderalne vegetacije na nižjem nivoju. Kljub izgradnji sistema tipov 
vegetacije na podlagi obsežnega nabora podatkov pa potreba po dodatnem pridobivanju 
popisov ostaja, saj lahko z njimi razrešujemo še vedno nedorečena razmerja med nekaterimi 
tipi vegetacije ali celo potrdimo obstoj nekaterih od njih. Taka primera sta na primer 
vegetacija reda Geranio-Cardaminetalia na Apeninskem in Balkanskem polotoku ter 
plevelna vegetacija žitnih in okopavinskih njiv v stepski regiji Evrope. 
 
7.2.2 Drugo poglavje: Spremembe v širini ekološke niše vzdolž kontinentalnega 
gradienta pri evropskih plevelnih vrstah 
 
Uvod 
Koncept ekološke niše zajema vse zahteve določene vrste, ki zagotovijo viabilnost njene 
populacije v danem okolju, vključno z njenim vplivom na to okolje (Chesson, 2000). Glede 
na pojmovanje Hutchinsona (1957) predstavlja ekološka niša večdimenzionalni prostor z n 
dimenzijami, ki ga definira prav toliko okoljskih »smeri«, znotraj katerih lahko vrsta 
vzdržuje viabilne populacije. Nekatere vrste imajo širše realizirane ekološke niše kot druge, 
kar se odraža v razporeditvi vrst v prostoru in prisotnosti v različnih habitatih. Zaradi razlik 
v širini ekološke niše lahko vrste označimo bodisi za specialiste bodisi za generaliste oz. jih 
umestimo nekam na gradient med tema ekstremoma (Clavel et al., 2011). Glede na teorijo o 
odvisnosti abundance od razporeditve vrste je vrsta bolj pogosta oz. razširjena v osrednjem 
delu celotnega območja razširjenosti in postopoma postaja redkejša proti robu areala 
(Brown, 1984). V osrednjem delu območja razširjenosti vrsta običajno oblikuje lokalno 
goste populacije in se pojavlja v več različnih habitatih, medtem ko se proti robu ekološka 
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amplituda in širina niše ožita zaradi čedalje manj ugodnih okoljskih razmer (na primer nizke 
zimske temperature ali poletna suša) (Holzner, 1978; Brown, 1984; Youssef et al., 2020). 
Povečanje specializiranosti se lahko sprva odraža na višjem nivoju tipologije habitatnih 
tipov, na primer s premikom s travnikov na obdelovalne površine (Bergmeier in Strid, 2014; 
Youssef et al., 2020), v nadaljevanju pa tudi na nižjem nivoju, na primer z omejenostjo le na 
njive na bazičnih tleh (Holzner, 1978; Šilc et al., 2014). 
 
Eden od načinov, s katerim ocenimo širino realizirane ekološke niše, je analiza sopojavljanja 
vrst. Predpostavka je, da če vrsta raste v več habitatih, se sopojavlja z več drugimi vrstami, 
kot če bi uspevala le v enem habitatu (Fridley et al., 2007). Obstaja več načinov, kako z 
uporabo tega tipa podatkov matematično oceniti nivo specializacije določene vrste. Eden 
izmed njih je izračun vrednosti theta (θ). Ta lahko vključuje več različnih indeksov beta 
raznolikosti (Manthey in Fridley, 2009; Zelený, 2009). Predlagana shema ocene 
specializacije neke vrste po zgoraj opisanem razmisleku je sledeča:  
široka realizirana ekološka niša ↔ uspevanje v več različnih habitatih ↔ sopojavljanje z 
veliko različnimi vrstami ↔ velika sprememba v vrstni sestavi v teh rastlinskih združbah ↔ 
visoka vrednost theta. 
 
Vrste, ki so v Evropi vezane predvsem na obdelovalne površine, so večinoma generalisti 
(Boulangeat et al., 2012). Dolgo je veljalo, da je večina plevelnih vrst prišla v Evropo in se 
tu razširila sočasno in skupaj s kulturnimi vrstami, ki izvirajo iz Bližnjega vzhoda (Zohary, 
1973; Holzner, 1978; Zohary et al., 2015; Youssef et al., 2020). Jauzein (2001) je predlagal 
dve glavni smeri, po katerih so se te vrste razširile: i) kontinentalna donavska (ob reki 
Donavi, iz jugovzhodne Evrope proti severozahodu) in ii) obmorska sredozemska (ob obalah 
severnega Sredozemlja, z vzhoda proti zahodu). Med širitvijo plevelne vegetacije so 
nekatere vrste zaradi neugodnih abiotskih in biotskih razmer iz plevelnih združb izginile, 
nekatere druge pa so se priključile na novo (Youssef et al., 2020). Danes so na obdelovalnih 
površinah srednje Evrope nadpovprečno pogoste vrste sredozemskega izvora, prevladujejo 
pa vrste zmernega evrazijskega horotipa (Pinke in Pál, 2008; Lososová in Grulich, 2009). 
 
Zgornja Mezopotamija predstavlja najpomembnejšo izvorno regijo žit, čeprav iz 
jugozahodne Azije izvirajo tudi nekatere druge kulturne rastline (nekatere stročnice) (Zohary 
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et al., 2015). Plevelno vegetacijo v žitih v zmernih delih Evrope uvrščamo predvsem v dve 
fitosociološki zvezi, in sicer Caucalidion (vegetacija na bazičnih tleh) in Scleranthion 
(vegetacija na nevtralnih in kislih tleh) (Mucina et al., 2016). Vegetacija obeh zvez je široko 
razširjena v zmernih klimatih Evrope in se geografsko tudi prekriva. Ker so bazična in topla 
tla čedalje bolj redka v smeri od jugovzhoda proti severozahodu, je vegetacija iz zveze 
Caucalidion (in njene značilne vrste) bližje osrednjemu delu območja razširjenosti v 
kontinentalnih, panonskih in submediteranskih regijah Evrope (Ferro, 1990; Lososová et al., 
2009). Vrste sredozemskega horotipa (predvsem vzhodnosredozemskega) so v tem tipu 
vegetacije nadpovprečno zastopane (Lososová in Grulich, 2009). Nasprotno je vegetacija 
zveze Scleranthion vezana na nevtralna in kisla tla, ki so bolj pogosta v srednji, severni in 
severozahodni Evropi, kjer je torej osrednji del območja razširjenosti te zveze (Lososová et 
al., 2009). V tem tipu vegetacije so najpogostejše vrste zmernega evrazijskega in 
zahodnosredozemskega horotipa (Lososová in Grulich, 2009). Čeprav se območji 
razširjenosti opisanih tipov plevelne vegetacije v žitih v veliki meri prekrivata, pa sta 
osrednji in robni območji razširjenosti nasprotni. 
 
Vegetacijski popisi predstavljajo zelo uporaben tip podatkov za raziskave stopnje 
specializiranosti, za katere so potrebne informacije o sopojavljanju vrst (Fajmonová et al., 
2013; Šilc et al., 2014; Marinšek et al., 2015; Carboni et al., 2016; Zelený in Chytrý, 2019). 
Popisi namreč odražajo dejanske homogene sestoje rastlinskih vrst, ki so pogojeni s celotno 
kombinacijo abiotskih in biotskih dejavnikov na danem rastišču. Raziskovanje stopnje 
specializiranosti plevelnih vrst je zanimivo, ker za razliko od bolj naravnih tipov vegetacije 
na oblikovanje plevelnih združb zelo pomembno vplivajo motnje in naključnost (Fried et al., 
2010). 
 
Namen naše raziskave je preveriti spremembo v širini ekološke niše pri dveh skupinah 
plevelne vegetacije na kontinentalnem geografskem gradientu. Z uporabo obsežnega nabora 
vegetacijskih popisov smo preverjali hipotezo, da plevelne vrste postanejo bolj 
specializirane na robu območja razširjenosti (Holzner, 1978). 
 
Metode 
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V skladu s hipotezo o donavski poti razširjanja plevelnih vrst, ki izvirajo iz Bližnjega vzhoda 
(Jauzein, 2001), in v skladu s spremembo vrstne sestave plevelne vegetacije tekom dveh 
okoljskih gradientov (oceansko – kontinentalno podnebje, torej zahod–vzhod, in visoka – 
nizka povprečna temperatura, torej jug–sever) (Holzner, 1978) smo izbrali približno 3200 
km dolg geografski gradient med jugovzhodno in severozahodno Evropo. Glede na število 
popisov oz. njihovo gostoto na gradientu smo izbrali tri regije v obliki kroga (ki se ne 
stikajo), vsako s premerom 300 km. Prva zajema južni del Balkanskega polotoka (1297 
popisov), druga severni del Balkanskega polotoka in južni del srednje Evrope (9033 
popisov), tretja pa severozahodno Evropo (dele Nizozemske, severne Nemčije in Dansko; 
8550 popisov). Za izbor vrst, značilnih za zvezi Caucalidion in Scleranthion, smo uporabili 
iste rezultate razvrščanja v skupine kot v prvem poglavju. Izmed 100 skupin smo izbrali 
tiste, ki so glede na literaturo ustrezali vegetaciji bodisi prve ali druge zveze in zajemali 
območje vsaj ene izmed treh regij. Posamezne skupine smo združili v eno skupino, ki ustreza 
zvezi Caucalidion, in drugo skupino, ki ustreza zvezi Scleranthion, in za vsako od njiju 
ponovno določili diagnostične vrste po enaki metodologiji (Chytrý et al., 2002) ter za analizo 
specializiranosti izbrali vrste z vrednostjo indeksa phi > 0,1 (Priloga G). 
 
Za oceno stopnje specializacije smo izračunali vrednost theta z Whittakerjevim indeksom 
beta (Whittaker, 1960; Manthey in Fridley, 2009). V analizi smo upoštevali le vrste, ki se v 
setu podatkov pojavijo vsaj desetkrat. V računskem postopku je bilo za vsako od teh vrst 
izbranih deset naključnih popisov, kjer je vrsta prisotna (s čimer smo odstranili morebitni 
vpliv razlik v pogostnosti vrst v podatkovnem naboru), ta postopek je bil ponovljen stokrat 
in na koncu smo pridobili povprečno vrednost theta. Za standardizacijo smo znotraj vsakega 
delnega nabora popisov (regije) vrste razvrstili glede na vrednost theta in rang vsake vrste 
delili z najvišjim rangom. 
 
Razlike v stopnji specializiranosti med regijami smo ocenili z izračunom analize ANOVA s 
ponovljenimi meritvami (ang. repeated measures ANOVA), pri čemer smo predpostavili, da 
določena vrsta v vseh treh regijah predstavlja isto entiteto. S parnim t-testom smo določili 
razlike med regijami na izbranem geografskem gradientu.  
 
Rezultati 
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Spremembo v stopnji specializacije smo testirali na enajstih vrstah, značilnih za zvezo 
Caucalidion, in na trinajstih vrstah, značilnih za zvezo Scleranthion; toliko jih je bilo namreč 
prisotnih v vseh treh regijah. Za vrste zveze Caucalidion smo ugotovili, da se stopnja 
specializiranosti povečuje od jugovzhoda proti severozahodu (povprečni rangi za 
posamezno regijo na tem gradientu 0,71, 0,34 in 0,18), pri čemer so vse razlike med regijami 
statistično značilne. Večina vrst pripada sredozemskemu horotipu in večina jih je obligatnih 
plevelnih vrst. 
 
Pri vrstah zveze Scleranthion nismo našli monotonega trenda na gradientu jugovzhod–
severozahod (povprečni rangi regij 0,62, 0,28, 0,36), pri čemer sta statično značilni razliki 
le med jugovzhodno in osrednjo ter jugovzhodno in severozahodno regijo. Večina vrst 
pripada paleotemperatnemu horotipu in nobena ni obligatna plevelna vrsta. 
 
Razprava 
Naši rezultati le delno potrjujejo hipotezo o oženju ekološke niše vrst z oddaljevanjem od 
osrednjega dela območja razširjenosti teh vrst. Na veliko daljšem gradientu, ki zajema 
celotno celino, smo potrdili že prej zaznan trend v žitni plevelni vegetaciji na bazičnih tleh 
(zveza Caucalidion) (Šilc et al., 2014). Za vrste, značilne za žitno plevelno vegetacijo na 
nevtralnih do kislih tleh, hipoteze ne moremo potrditi niti je povsem ovreči, saj na podlagi 
rezultatov ne moremo priti do jasnih zaključkov. Čeprav uporaba dolgega geografskega 
gradienta za preverjanje hipoteze pomembno poveča povednost rezultatov, je zaradi večje 
spremembe v vrstni sestavi število vrst neizogibno manjše. 
 
Vrste zveze Caucalidion z oddaljevanjem od osrednjega dela območja razširjenosti 
(Sredozemlje in Bližnji vzhod) postajajo bolj specializirane in omejene na bazična tla 
(Holzner, 1978; Šilc et al., 2014). Te plevelne združbe lahko zaradi čedalje manj značilnih 
vrst označimo za osiromašeno obliko »izvornih«, jugovzhodnih združb. Da so izbrane vrste 
v severozahodni Evropi res specialisti, potrjujejo tudi rezultati Youssefa et al. (2020), ki so 
pokazali, da se večina vrst v naši raziskavi v Franciji pojavlja le na obdelovalnih površinah 
in ruderalnih rastiščih, ne pa tudi v naravni vegetaciji. 
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Pri vrstah zveze Scleranthion monotonega trenda specializacije na predvidenem gradientu 
od osrednjega dela območja razširjenosti proti robu nismo potrdili. Naši rezultati so pokazali 
najvišjo stopnjo specializacije v jugovzhodni Evropi, kar ni v skladu z razširjenostjo tega 
tipa vegetacije in horoloških tipov izbranih vrst, saj obe značilnosti nakazujeta, da ta regija 
leži na robu območja razširjenosti. Tu bi zato te vrste po teoriji o odvisnosti abundance od 
razporeditve vrste (Brown, 1984) bile redke in, posledično, preko sopojavljanja z drugimi 
vrstami prepoznane kot specialisti. Možno je, da izbrane vrste v tej regiji niso dovolj blizu 
roba območja razširjenosti, na kar kaže tudi njihovo (pogosto) pojavljanje v naravnih tipih 
vegetacije, kot so pionirske združbe na plitkih kislih kamnitih tleh (npr. vrste Arabidopsis 
thaliana, Myosotis stricta, Scleranthus annuus in Veronica arvensis). Zelený in Chytrý 
(2019) sta pokazala, da zastopanost tipov vegetacije, kjer se določena vrsta pojavlja, vpliva 
na oceno specializiranosti. V primeru vrst zveze Scleranthion bi tako vključitev vseh tipov 
vegetacije, kjer se te vrste pojavljajo, oceno stopnje specializiranosti znižala. 
 
Številne nove raziskave ne potrjujejo teorije o odvisnosti abundance od razporeditve vrste z 
linearno soodvisnostjo (Sagarin in Gaines, 2002; Samis in Eckert, 2007), saj pogosto ne 
zajamejo celotnega območja razširjenosti vrste. Enako je v našem primeru. Vendarle pa je 
verjetno, da so nejasni rezultati glede stopnje specializiranosti vrst posledica dejavnikov, ki 
vplivajo na vzorce sopojavljanja. Na Sliki Figure 12 smo namreč pokazali, da je število vrst 
v žitni plevelni vegetaciji najvišje v južni Evropi, kar bi zaradi načina izračuna stopnje 
specializiranosti (število vrst, ki se pojavljajo skupaj z izbrano vrsto) lahko pozitivno 
vplivalo na nižjo stopnjo specializiranosti v jugovzhodni Evropi v primeru vrst obeh zvez. 
 
Plevelne vrste bi v primerjavi z vrstami v drugih habitatih (v splošnem) lahko opredelili kot 
generaliste (Boulangeat et al., 2012). Po drugi svetovni vojni sta se število in abundanca 
mnogih od njih (predvsem specializiranih) močno zmanjšala zaradi intenzifikacije 
kmetovanja (Storkey et al., 2012; Kolářová et al., 2013; Meyer et al., 2013). Ta neposredno 
ne zmanjšuje le biomase plevelov, temveč tudi njihovo talno semensko banko (tako z 
zatiranjem matičnih rastlin kot z izboljšanim čiščenjem semenskega materiala), kar lahko 
skupaj privede do dolgoročnih negativnih posledic za populacije specializiranih vrst (Fried 
et al., 2010). Če večje število specializiranih plevelnih vrst izgine, lahko pride do dolgotrajne 
funkcionalne homogenizacije plevelnih združb (Fried et al., 2010; Clavel et al., 2011; Šilc, 
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2015), sestavljenih iz le nekaj generaliziranih vrst, kar pa ni zaželjeno ne s strani 
naravovarstva in ne kmetijstva (Storkey in Neve, 2018). 
 
 
Zaključek 
Kot v drugih raziskavah, v katerih uporabljajo podatke, ki niso bili pridobljeni neposredno 
za ta namen, bi bili tudi rezultati raziskav specializiranosti vrst bolj zanesljivi, i) če bi bilo 
na voljo več podatkov (v našem primeru popisov), ii) če bi bili ti podatki bolj primerljivi in 
komplementarni (velikost ploskev, enakomerna zastopanost vegetacijskih tipov in 
prostorska pokritost) ter iii) če bi bili na voljo za celotno tarčno območje. V prihodnje bi bilo 
zanimivo raziskati morebitne spremembe v stopnji specializiranosti glede na druge smeri 
potovanja vrst (npr. obalna sredozemska pot (Jauzein, 2011)) ali glede na druge geografsko-
podnebne gradiente (sever–jug, vzhod–zahod). Poleg tega bi bilo za dokončno potrditev ali 
pa zavrnitev predlagane hipoteze o odvisnosti specializiranosti vrste glede na položaj v 
območju razširjenosti nujno analizirati celotno dolžino gradienta, za kar pa bo treba doseči 
še kritično število popisov. Nenazadnje lahko tudi izbor vrst na podlagi drugačnih kriterijev, 
kot sta horološki tip ali čas od naselitve območja (domorodne vrste, arheofiti in neofiti), 
razkrije kak nov dejavnik, ki bi lahko vplival na stopnjo specializiranosti. 
 
7.2.3 Tretje poglavje: Geografski vzorci diverzitete alfa pri evropski enoletni plevelni 
in ruderalni vegetaciji 
 
Uvod 
Vpliv geografske širine na vrstno pestrost predstavlja eno najbolj zanimivih vprašanj glede 
prostorske raznolikosti v vrstni pestrosti (Hawkins, 2001). Zmanjševanje vrstne pestrosti z 
oddaljevanjem od ekvatorja je bilo prepoznano za več taksonomskih ali funkcionalnih 
skupin organizmov in na več prostorskih nivojih, med njimi tudi za število plevelnih vrst na 
ploskev na obdelovalnih površinah (Gaston, 2000; Willig et al., 2003; Glemnitz et al., 2006). 
Gradient geografske širine v bistvu zajema več primarnih okoljskih gradientov, kot so na 
primer temperatura, padavine in sončna energija ter, posledično, dejanska evapotranspiracija 
in rastlinska primarna produkcija (Currie, 1991; Gaston, 2000; Willig et al., 2003). 
Geografske posebnosti (in v primeru antropogene vegetacije človekove aktivnosti) pa lahko 
119 
Küzmič F. Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
izkrivijo ali zabrišejo sicer pogosto linearne gradiente (Gaston, 2000; Barthlott et al., 2007). 
Antropogena vegetacija je zaradi vezanosti na človeška naselja in druge človekove aktivnosti 
široko razširjena in je podvržena podobnim motnjam ne glede na geografsko regijo. Ker te 
tipe vegetacije sestavljajo predvsem enoletne vrste, ki se hitro odzovejo na spremembe v 
okolju, in zaradi majhnih razlik med posameznimi mesti/ploskvami v različnih regijah, so 
antropogene rastlinske združbe zelo primerne za raziskave makroklimatskih vplivov na 
vrstno pestrost in sestavo. 
 
Že več desetletij je v veljavi več teorij o zgodovinskih procesih, ki so vplivali na razporeditev 
plevelnih vrst v Evropi. Ena najbolj uveljavljenih je teorija o izvoru mnogih žitnih plevelnih 
vrst na Bližnjem vzhodu, od koder izvira tudi večina žitnih kulturnih rastlin (Zohary et al., 
2015). V literaturi je bilo predlaganih več poti širjenja teh plevelnih vrst v Evropi, a ne glede 
na te možnosti so na podlagi opazovanj raziskovalci predpostavljali, da se številčnost žitnih 
plevelnih vrst z oddaljevanjem od Bližnjega vzhoda zmanjšuje in da, posledično, prihaja do 
osiromašenih plevelnih združb (Jauzein, 1977; Holzner, 1978). Nedavne raziskave pa v 
nasprotju s temi predpostavkami kažejo, da sestavo plevelnih združb zelo pomembno 
oblikujejo vrste iz regionalnega bazena vrst in neofiti (Youssef et al., 2020 in lastni rezultati). 
Vpliv gradienta oddaljenosti od Bližnjega vzhoda (geografske dolžine) na število vrst v 
evropskih plevelnih združbah še ni bil ovrednoten. 
 
Enoletna ruderalna vegetacija se pojavlja na veliko različnih mestih z vidika motenj. Njeno 
pojavljanje je tesno povezano s človekovo dejavnostjo, vendar so na ruderalnih mestih 
motnje manj predvidljive in bolj raznolike intenzitete kot na obdelovalnih površinah. 
Nadalje V tem tipu vegetacije kulturne rastline s kompeticijo ne vplivajo na vrstno sestavo 
in številčnost, kar vrstam pogosto omogoči, da v sestojih postanejo dominantne (Czarniecka-
Wiera et al., 2019; Viciani et al., 2020). Za enoletno ruderalno vegetacijo (v nasprotju s 
plevelno vegetacijo) teorije o zgodovinskih smereh širjenja vrst niso bile oblikovane. 
 
Odvisnost med dolgimi geografskimi gradienti in vrstno številčnostjo lahko raziskujemo na 
različnih nivojih, glede na različen tip pestrosti in na mnogih različnih taksonomskih ali 
funkcionalnih skupinah organizmov (Willig et al., 2003). Podatkovne baze vegetacijskih 
popisov nam omogočajo uporabo obsežnih naborov podatkov za raziskave pestrosti vrst na 
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ploskovnem nivoju (diverziteta alfa) (Večeřa et al., 2019). Za naš objekt smo si zaradi 
zanimivih zgodovinskih procesov, aconalnosti in velikega števila dostopnih popisov izbrali 
enoletno antropogeno vegetacijo (ruderalno in plevelno) v Evropi. 
 
Predpostavili smo, da se v skladu s splošno sprejetimi vzorci zmanjševanja vrstne pestrosti 
z oddaljevanjem od ekvatorja zmanjšuje vrstna pestrost tudi v antropogeni vegetaciji Evrope. 
Poleg tega predpostavljamo, da se vrstna pestrost (predvsem v žitih) zmanjšuje v smeri 
vzhod–zahod v skladu s teorijo preseljevanja vrst z Bližnjega vzhoda. 
 
Metode 
Postopki izbora, čiščenja in poenotenja podatkov ter pojasnjevalnih spremenljivk tipa 
motnje in biogeografske regije so enaki kot v poglavju 2. Da bi zmanjšali vpliv velikosti 
popisnih ploskev na rezultate smo iz nabora podatkov odstranili popise brez informacije o 
velikosti popisne ploskve ter popise z velikostjo popisne ploskve pod 25 m2 in nad 200 m2 
za kategorijo plevelne vegetacije ter pod 5 m2 in nad 100 m2 za popise ruderalne vegetacije, 
ker se ruderalni sestoji pogosto pojavljajo na zelo majhnih ploskvah. Glede na opisane 
kriterije smo podrobneje analizirali 9195 popisov, kljub temu pa je v primeru ruderalne 
vegetacije vpliv velikosti ploskve na vrstno pestrost ostal opazen (Priloga J). Ker je nabor 
dostopnih podatkov omejen, vzorca glede na velikost ploskev in glede na čas popisa nismo 
dodatno omejevali. 
 
Korelacijo med vrstno pestrostjo in geografsko širino in dolžino (skupno in posebej za 
vsakega od tipov motenj) smo ovrednotili s Spearmanovim koeficientom korelacije rangov 
ter s prileganjem polinomskih modelov (linearni, kvadratni, kubični in kvartični). 
Najustreznejšega med slednjimi smo izbrali glede na AIC (Akaikov informacijski kriterij) 
(Kassambara, 2019; R Development Core Team, 2019; Mangiafico, 2020). Pri oceni 
korelacije med vrstno pestrostjo in geografsko dolžino popisov, ležečih dlje od 30 stopinj, 
zaradi majhnega števila dislociranih popisov nismo upoštevali. 
 
Rezultati 
Povprečna vrstna pestrost na ploskev v evropski antropogeni vegetaciji je 21,44 vrste. Vrstna 
pestrost se statistično značilno razlikuje glede na tip motnje z najvišjim povprečjem v žitih, 
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srednjim v okopavinah in najnižjim v ruderalnem. Med biogeografskimi regijami je najvišja 
povprečna vrstna pestrost v alpinski regiji in najnižja v stepski regiji. 
 
Korelacije med vrstno pestrostjo in geografsko širino za celoten nabor podatkov nismo 
zaznali, medtem ko je bila za geografsko dolžino rahlo pozitivna. Ugotovili smo, da se vrstna 
pestrost vzdolž 23 stopinj geografske širine zmanjšuje proti severu v žitih in ruderalnem (in 
ustreza vzorcu kubičnega polinoma), medtem ko se zvišuje v okopavinah (in ustreza vzorcu 
kvadratnega polinoma). Vrstna pestrost se vzdolž 38 stopinj geografske dolžine proti vzhodu 
povečuje v žitih (in ustreza vzorcu kubičnega polinoma), medtem ko za okopavine in 
ruderalna mesta pomembnih sprememb nismo zaznali.  
 
Razprava 
Naši rezultati so pokazali, da se vrstna pestrost na ploskev v Evropi razlikuje glede na tip 
motnje in glede na geografsko območje, vendar le v nekaterih primerih v skladu z našimi 
hipotezami. 
 
Razlike v povprečni vrstni pestrosti na ploskev so med tipi motenj majhne, čeprav statistično 
značilne. Število vrst je v žitih najvišje kljub pogosti visoki gostoti kulturne rastline, ki 
zasenči plevelne rastline. Za odgovor na vprašanje, zakaj je število vrst v žitu kljub temu 
najvišje, predlagamo tri razlage, ki se medsebojno ne izklučujejo: i) v isto kategorijo so 
vključena strnišča in prahe (v večini primerov po žitih), kjer odsotnost kompeticije s 
kulturnimi rastlinami ne zavira rasti plevelov (Glemnitz et al., 2006; Poggio in Ghersa, 
2011), ii) uničujočih motenj med sezono rasti ni (Lososová in Cimalová, 2009b) ter iii) 
človek žita goji že več tisoč let, zato se je mnogo plevelnih vrst prilagodilo na fenologijo 
kulturnih rastlin in dinamiko obdelovalnih posegov. Če predpostavimo, da obe kategoriji 
tipov motenj na obdelovalnih površinah predstavljata ekstrem na gradientu intenzivnosti 
motenj, kategorija žitnih njiv nedvomno predstavlja ekstrem z manjšo pogostnostjo motenj. 
V skladu s hipotezo o srednji pogostosti motenj je višja vrstna pestrost v žitih pričakovana 
(Sousa, 1984; Rosenzweig, 1995).  
 
Manjša vrstna pestrost v okopavinah in ruderalnih sestojih je lahko posledica pogostih 
motenj in monodominantnih sestojev, ki so v teh tipih vegetacije pogosti (Czarniecka-Wiera 
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et al., 2019; Viciani et al., 2020). Po drugi svetovni vojni je bila manjša vrstna pestrost kot 
rezultat učinkovitih agrotehničnih ukrepov zaželjena, vendar se je v zadnjem času miselnost 
agronomov začela spreminjati, saj so raziskave pokazale, da vrstno pestre plevelne združbe 
kažejo na trajnostno gospodarjenje in so obenem tudi bolj uravnotežene z vidika medvrstne 
kompeticije (Storkey in Neve, 2018). 
 
Omeniti moramo, da na vrstno pestrost pomembno vpliva tudi način (in cilj) popisovanja 
sestojev. Raziskovalci v fitosociologiji običajno stremijo k popisovanju vrstno bogatih 
sestojev v fenološkem optimumu, ko so vrste lažje določljive in je združbe mogoče lažje 
uvrstiti v sistem. To pomeni, da so popisi na obdelovalnih površinah narejeni na robu njiv in 
ne v središču, kjer je vpliv agrotehničnih posegov največji (van Elsen, 1989; Meyer et al., 
2015; Fonderflick et al., 2020). Poleg tega se na robovih njiv bolj pogosto pojavijo naključne 
vrste iz sosednjih habitatov. Razlike v vrstni pestrosti med različnimi habitati glede na tip 
motnje bi tako lahko bile še večje, če bi primerjali le popise iz sredine sestojev. 
 
Z rezultati o (šibki) pozitivni korelaciji vrstne pestrosti z geografsko dolžino v žitih lahko 
podpremo hipotezo, da se z oddaljevanjem od Bližnjega vzhoda, ki je izvor žit in mnogih 
žitnih plevelov, vrstna pestrost v žitih manjša (Holzner, 1978; Zohary et al., 2015). Kljub 
temu ne moremo izključiti vpliva kakšnega drugega dejavnika na razlike v vrstni pestrosti, 
recimo zgodnejše in močnejše intenzifikacije kmetijstva v zahodni Evropi (Richner et al., 
2015). V nasprotju z našimi pričakovanji vrstna pestrost z večjo geografsko širino v vseh 
testiranjih ni upadala, kar je lahko posledica več dejavnikov: prostorske skale, geografskih 
prostorskih značilnosti in okoljskih značilnosti (vključno z antropogenimi dejavniki). Večina 
dosedanjih raziskav je korelacijo med vrstno pestrostjo in geografsko širino ocenjevala na 
ravni diverzitet beta ali gama (Willig et al., 2003). Razlike med vzorci na različnih ravneh 
diverzitete so posledica drugih dejavnikov, ki vplivajo nanje (Willig et al., 2003). V naši 
raziskavi, v kateri smo zajeli približno 23 stopinj geografske širine večinoma znotraj enega, 
zmernega, globalnega klimatskega pasu, bi lahko pričakovali jasne in zanesljive vzorce 
spreminjanja vrstne pestrosti z geografsko širino, če ima slednja res pomemben vpliv. 
Raziskave, v katerih so zajeli manjši razpon geografskih širin ali vključili več klimatskih 
pasov, so namreč pokazale bolj raznolike vzorce (pozitivni trendi, negativni trendi ali 
odsotnost trendov) (Willig et al., 2003). Osnovni kontinentalni ali globalni geografski 
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gradienti so rezultat kombinacije številnih prvotnih okoljskih gradientov (npr. temperatura 
in sezonskost), ki pa jih lahko zabrišejo ali prekinejo vplivi posameznih geografskih 
(regijskih) značilnosti. Kompleksna geografska razčlenjenost Evrope lahko povzroči manj 
izrazite vzorce na kontinentalnem gradientu (Gaston, 2000). Nenazadnje pa lahko plevelno 
vegetacijo jemljemo kot primer aconalne vegetacije, saj je prisotna v regijah z zelo 
raznolikimi bioklimatskimi dejavniki, vendar je njeno pojavljanje pogojeno z zelo 
podobnimi antropogenimi dejavniki. 
 
Zaključek 
Glede na to, da naši rezultati niso pokazali močne povezanosti med vrstno pestrostjo in 
geografsko širino (in dolžino) na kontinentalnem nivoju, lahko sklepamo, da drugi dejavniki 
(biotski, abiotski in antropogeni) pomembneje vplivajo na vzorce v vrstni pestrosti plevelne 
vegetacije. V prihodnjih raziskavah bo zato treba z modeliranjem ovrednotiti prispevek 
različnih dejavnikov k vrstni pestrosti, kar bi bilo nedvomno lažje doseči s podatki, 
pridobljenimi s standardiziranimi načrti popisovanja v vseevropskih iniciativah (npr. 
Glemnitz et al., 2006; Lososova et al., 2012). 
 
7.2.4 Četrto poglavje: Motnje in biogeografija oblikujejo pestrost neofitov v evropski 
enoletni plevelni in ruderalni vegetaciji 
 
Uvod 
Tujerodne vrste so vrste, ki rastejo na območju, kamor so bile prinesene neposredno ali 
posredno zaradi delovanja človeka (Essl et al., 2018). Na območju Evrope ločimo dve glavni 
skupini tujerodnih vrst: arheofite (vrste, ki so prišle na novo območje pred letom 1500) in 
neofite (vrste, ki so na novo območje prišle po tem letu). Dolžina obdobja, ko je neka vrsta 
na novo prisotna na nekem območju, vpliva na stopnjo naturaliziranosti, razširjenost in 
pogostnosti te vrste. Stopnja pojavljanja tujerodnih vrst se močno razlikuje med različnimi 
habitatnimi tipi (Chytrý et al., 2008). Že zgodaj v zgodovini preučevanja vegetacije so 
raziskovalci opazili, da je na obdelovalnih površinah in drugih s strani človeka močno 
spremenjenih habitatih mogoče najti največje število in delež tujerodnih vrst (Braun-
Blanquet et al., 1936), kar je bilo kasneje velikokrat potrjeno (Lambdon et al., 2008; Chytrý 
et al., 2008; Jauni in Hyvönen, 2010; Myśliwy, 2014; Küzmič in Šilc, 2017). Izpostavljenih 
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je bilo več dejavnikov, ki vplivajo na stopnjo pojavljanja tujerodnih vrst: nadmorska višina, 
delež ruderalnih vrst (po Grimu), temperatura, hranila in svetloba (Milbau in Nijs, 2004; 
Lososová in Simonová, 2008; Šilc et al., 2012). Različne stopnje pogostnosti tujerodnih vrst 
so bile ugotovljene tudi za različne geografske regije (Chytrý et al., 2009, 2012). Z metodo 
ekstrapolacije so odkrili najvišje vrednosti v večjih območjih kmetijske krajine 
(severovzhodna Evropa, severni del srednje Evrope, panonska regija in Padska nižina) in ob 
sredozemski obali, medtem ko so bile najnižje vrednosti odkrite v alpinski regiji in v severni 
Evropi. 
 
V kmetijstvu tujerodne vrste povzročajo veliko ekonomsko škodo (Pimentel et al., 2001). 
Plevelne združbe je mogoče razvrstiti v skupine glede na kulturno rastlino na več različnih 
načinov, pri čemer se je v fitosociologiji uveljavila delitev na dve glavni skupini: pleveli v 
žitih in pleveli v okopavinah. Razlikujeta se v načinu obdelave zemlje, saj v žitih po sejanju 
ponavadi ni več mehanskih posegov, medtem ko je v okopavinah zaradi redne mehanske 
kontrole plevelov pogostost motenj večja. Iz načina obdelave tal izhajajo tudi nekatere druge 
razlike v okoljskih razmerah – v žitih in sorodnih kulturnih rastlinah (recimo lan) sejanje 
poteka v zelo ozkih vrstah in so sestoji gosti v fenološkem optimumu, medtem ko v 
okopavinah (recimo krompir in stročnice) sejanje poteka v širokih vrstah in je pokrovnost 
kulturne rastline v fenološkem optimumu ponavadi manjša (Lososová et al., 2004; Pyšek et 
al., 2005). Po drugi strani ruderalna mesta zajemajo širok nabor habitatov in so ponavadi 
neposredna posledica človekove dejavnosti (npr. odlagališča gradbenega materiala, 
nasipališča zemlje, robovi cest in železnic). Takšni habitati predstavljajo odprt teren z malo 
kompeticije za svetlobo in hranila. Dodatno pa prometna omrežja predstavljajo pomembne 
koridorje za razširjanje tujerodnih vrst zaradi drobljenja habitatov (povečanje stične 
površine), povzročanja motenj (cestne brežine) ter razširjanja na dolge in kratke razdalje 
neposredno s prenosom z vozili in z ustvarjanjem zračnih tokov (Hansen in Clevenger, 2005; 
Von Der Lippe in Kowarik, 2007; Gavrilova et al., 2011). Ruderalna mesta in različni tipi 
obdelave tal na obdelovalnih površinah se razlikujejo v značilnostih motenj. Čeprav so 
motnje na ruderalnih mestih in na obdelovalnih površinah za razliko od motenj v naravnih 
habitatih posledica človekovega delovanja, jih lahko opišemo z uporabo istih kazalnikov. 
Sousa (1984) je predlagal shemo za ocenjevanje raznolikosti motenj glede na moč, časovni 
in prostorski nivo. 
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Da bi raziskali razlike v stopnji pojavljanja tujerodnih vrst v plevelnih in ruderalnih 
rastlinskih združbah na celinskem nivoju, prvič z uporabo obsežnega nabora podatkov, smo 
analizirali: i) celokupno stopnjo prisotnosti neofitov, ii) geografsko prostorsko raznolikost 
ter iii) vpliv različnih tipov motenj. 
 
Metode 
Popisom iz nomenklaturno poenotenega izvornega nabora podatkov iz prvega poglavja 
(84.185 popisov) smo iz spremljevalnih informacij (opombe, rastišče, zabeležba kulturne 
rastline) pripisali dodatno spremenljivko – enega od treh tipov motenj (Priloga O). V 
kategorijo žita smo vključili plevelne združbe, v katerih po prvi motnji (npr. sejanje ali žetev) 
nadaljnih motenj v času rasti ni (npr. žita, lan, oljna ogrščica, strnišče). V kategorijo 
okopavine smo vključili plevelne združbe, v katerih so med rastno sezono običajno prisotne 
mehanske motnje za kontrolo plevelov (npr. stročnice, krompir, buče, trta). Pri tem 
razločevanju obdelovalnih površin smo se oprli na raziskavo Lososove in sod. (2004). Tretja 
kategorija je ruderalno, v katero smo vključili ruderalne kraje, kot so brežine in robovi 
prometnic, nasipališča zemlje in gradbenega materiala ipd. Vseh popisov, ki smo jih lahko 
uvrstili v eno izmed treh kategorij, je bilo 32.036. S ponovnim vzorčenjem, omejenim z 
raznolikostjo (Lengyel et al., 2011), smo število popisov zmanjšali na maksimalno število 
1000 popisov v najgosteje vzorčenih kombinacijah tipa motnje in biogeografske regije, pri 
čemer smo dobili velikost nabora podatkov 10.211. 
 
Vsaki vrsti v naboru podatkov smo za vsako državo posebej določili status bodisi tujerodne 
bodisi domorodne vrste. Za osnovo smo uporabili podatke iz Euro+Med PlantBase (2019), 
ki smo jih kritično popravili ali dopolnili s podatki iz novejših državnih in regijskih 
seznamov tujerodnih vrst (Priloga Q). Ob nejasnih ali navzkrižnih podatkih smo upoštevali 
status vrste v bližnjih regijah ali se posvetovali z lokalnimi specialisti. Posamezni vrsti smo 
pripisali bodisi status neofita bodisi domorodne vrste (vključujoč arheofite), saj še vedno 
manjkajo seznami arheofitov, ki bi obravnavali večino evropskega območja. Vsaki tujerodni 
vrsti smo s širokimi kategorijami (Evropa, izven Evrope, Kavkaz, neznani izvor) pripisali 
tudi geografski izvor, bodisi Evropa bodisi izven Evrope ter ločeno območje Kavkaza in 
vrste z neznanega izvora. Da bi povečali število popisov ter, posledično, povednost in 
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smiselnost rezultatov, smo popise geografsko združili glede na biogeografske regije (EEA, 
2016) in ne glede na države. 
Stopnjo prisotnosti neofitov smo ovrednotili: i) z izračunom njihovega števila in deleža glede 
na celoten nabor vrst (ang. species pool) ter ii) s povprečnim deležem neofitov v popisu, 
oboje glede na tip motnje in biogeografsko regijo (Wagner et al., 2017; Giulio et al., 2020). 
Razlike smo ovrednotili z uporabo parnega Wilcoxonovega testa vsot rangov ter analizo 
interpolacije in ekstrapolacije števila vrst (Hsieh et al., 2016; R Development Core Team, 
2019). 
 
Rezultati 
Ugotovili smo, da je v celotnem naboru podatkov (32.036 popisov in 3215 taksonov) 483 
(15,0 %) neofitov. Med neofiti je malo manj kot polovica vrst (227) neevropskega izvora in 
približno enako število vrst evropskega izvora (228). Dvaindvajset vrst je neznanega izvora 
(večinoma stare kultivirane vrste) in le šest vrst kavkaškega izvora. Podoben vzorec 
zastopanosti izvorov je viden v ponovno vzorčenem naboru podatkov. V nasprotju s 
podobnim številom vrst neofitov dveh glavnih izvorov je frekvenca neofitov neevropskega 
izvora v naboru podatkov znatno višja (Slika Figure 15). Le pet neofitov je bilo zastopanih 
v vseh sedmih analiziranih regijah: Amaranthus retroflexus, Galinsoga parviflora, Veronica 
persica, Erigeron canadensis in Panicum capillare. Med temi je Veronica persica 
najpogostejši neofit (6864 pojavljanj v celotnem naboru podatkov). 
 
Celoten nabor vrst (domorodne vrste in neofiti) je najvišji v kategoriji ruderalno in najnižji 
v kategoriji okopavine (intervali zaupanja se ne prekrivajo). Nabor vrst neofitov je kot 
najvišji ocenjen v kategoriji ruderalno in kot nižji v kategorijah žita in okopavine (intervala 
zaupanja se pri slednjih prekrivata). Med biogeografskimi regijami je najvišje ocenjena 
vrstna pestrost v atlantski regiji, najnižje pa v stepski regiji. Na nivoju posamičnih popisov 
je odstotek neofitov podobno visok v kategorijah okopavine in ruderalno, precej nižji pa v 
kategoriji žita. Med regijami je najnižji odstotek neofitov v borealni in sredozemski regiji, 
najvišji pa v stepski in panonski regiji. Če primerjamo deleže neofitov različnega izvora 
(evropskega in neevropskega) v posameznem popisu, vidimo, da je v vseh regijah, razen v 
atlantski, delež neofitov neevropskega izvora večji (Slika Figure 17). 
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Razprava 
V naši raziskavi smo ugotovili, da plevelna in enoletna ruderalna vegetacija vsebujeta 
približno dvakrat večji delež neofitov kot nekateri drugi tipi vegetacije, npr. gozdovi ali 
peščene sipine (Wagner et al., 2017; Giulio et al., 2020). Verjetno lahko višjo stopnjo 
prisotnosti neofitov pripišemo motnjam, ki spodbujajo uspevanje ruderalnih vrst, medtem 
ko so v gozdovih ali na sipinah pogostejše bolj tekmovalne vrste in vrste, tolerantne na stres. 
Skupno število neofitov, ki smo jih prepoznali v našem naboru podatkov, je gotovo 
podcenjeno, saj se z uporabo fitosocioloških podatkov (v primerjavi s florističnimi) zelo 
poveča verjetnost, da naključne vrste, ki nimajo vzpostavljenih stalnih populacij, niso 
zabeležene. 
 
Med različnimi tipi motenj smo najvišje število neofitov našli v ruderalnih habitatih. Eden 
pomembnejših vzrokov za to je nedvomno velika raznolikost v tej kategoriji z različnimi tipi 
motenj. Poleg tega so v nekaterih ruderalnih habitatih (predvsem v na novo nastalih, kot so 
nasipališča, v urbanem okolju ali ob prometnem omrežju) bolj pogoste naključne vrste zaradi 
nizke kompeticije ostalih vrst, prenosa z vozili, gojenja okrasnih rastlin ipd. (Vilà in Pujadas, 
2001; Pyšek et al., 2002; Arianoutsou et al., 2010; Aikio et al., 2012; van Kleunen et al., 
2018). V nasprotju z ruderalnimi kraji je na obdelovalnih površinah raznolikost motenj 
manjša, pa tudi bolj predvidljiva. Število neofitov v obeh kategorijah plevelnih združb je 
podobno, kar je lahko posledica še vedno raznolikih tipov habitatov znotraj posamezne 
kategorije, pa tudi vpliva kolobarjenja, saj je tudi po zamenjavi kulturne rastline potrebno 
nekaj časa, da se vzpostavi tipična plevelna združba. Pomembna razlika med ruderalnimi 
kraji in obdelovalnimi površinami je tudi prisotnost oz. odsotnost sestoja kulturnih rastlin. 
Gosto sejanje slednjih močno poveča tekmovanje med kulturnimi rastlinami in pleveli za 
svetlobo in hranila (Milbau in Nijs, 2004; Brun, 2009; Jauni in Hyvönen, 2010). 
 
V nasprotju s številom neofitov v naboru vrst je delež neofitov v posameznem popisu najnižji 
v kategoriji žita, in (podobno) višji v kategorijah okopavine in ruderalno. Nižja zastopanost 
neofitov na žitnih njivah je verjetno posledica visoke kompeticije s strani kulturne rastline 
in tudi plevelnih vrst (tako domorodnih kot arheofitov), od katerih so se mnoge med tisočletji 
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obstoja kmetijstva prilagodile načinom in časovni dinamiki obdelovanja zemlje (Brun, 2009; 
Lososová in Cimalová, 2009). Drug pomemben razlog za manjšo zastopanost neofitov je 
odsotnost motenj v času rasti (kar je bilo glavno vodilo za oblikovanje kategorije žita). Iz 
naštetega sledi, da nizka kompeticija in pogoste motnje verjetno povečajo zastopanost 
neofitov na lokalnem nivoju. 
 
Stopnja prisotnosti neofitov se razlikuje tudi med biogeografskimi regijami. Te v veliki meri 
odražajo razporejenost temperatur in padavin, od katerih sta bila oba dejavnika že predlagana 
kot pomembna za prisotnost tujerodnih vrst (Lambdon et al., 2008). Število neofitov na 
nivoju nabora vrst je nizko v hladnih in sušnih regijah (borealna, panonska in stepska regija) 
in visoko v toplih regijah (kjer ne zmrzuje) z večjo količino padavin (sredozemska in 
atlantska regija). Podoben vzorec so na florističnih podatkih odkrili že mnogi raziskovalci 
(Pyšek et al., 2002; Stohlgren et al., 2006; Chytrý et al., 2008). V prihodnosti bi lahko širša 
uporaba namakalnih sistemov v kmetijstvu povečala prisotnost in abundanco neofitov v 
toplih, a sušnih regijah (Chytrý et al., 2012; Juárez-Escario et al., 2018). Nizke temperature 
bi bile lahko razlog za nizko število neofitov tudi v alpinski regiji, saj z višanjem nadmorske 
višine upada število tujerodnih vrst (Waldis, 1987; Becker et al., 2005). Popisi so sicer 
večinoma narejeni na nižjih in srednjih nadmorskih višinah. Dodaten razlog za omejeno 
pojavljanje neofitov bi lahko bila tudi razpršenost in majhnost obdelovalnih površin zaradi 
topografije in opuščanje kmetovanja. 
 
Od celotnega nabora neofitov, ki obsega 431 vrst, jih je bilo le 14 zabeleženih v vsaj šestih 
biogeografskih regijah (izmed sedmih), kar je podobno številu 13 naturaliziranih tujerodnih 
vrst, ki so jih (Lambdon et al., 2008) našli v več kot 80 % evropskih raziskovanih regij. 
Čeprav so sestavili seznam tujerodnih vrst iz vseh habitatnih tipov, smo vse vrste našli tudi 
na našem seznamu. Šest vrst je skupnih obema seznamoma najbolj razširjenih neofitov: 
Amaranthus retroflexus, Datura stramonium, Galinsoga parviflora, G. quadriradiata, 
Erigeron canadensis in Veronica persica. Podobno malo vrst, skupnih različnim habitatom 
v različnih regijah, so z analizo fitosocioloških podatkov našli tudi Chytrý et al. (2008). 
Medtem ko so pokazali, da habitatni tip močneje vpliva na število neofitov kot geografska 
regija (pri čemer slednja močno vpliva na vrstno sestavo), smo v naši raziskavi pokazali, da 
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v izbranem habitatnem tipu geografija pomembno vpliva tako na število kot tudi na sestavo 
vrst. 
Razkorak med načinom, kako smo določili status tujerodnosti (glede na državo), in načinom, 
kako smo ga uporabili v analizah (glede na biogeografsko regijo), je do neke mere lahko 
vplival na rezultate. V primerih, ko je neka vrsta v določeni biogeografski regiji imela 
nejasen status (zaradi različnega statusa v različnih državah, ki spadajo v isto regijo), smo 
vrsti, da bi se izognili pretirani oceni zastopanosti tujerodnih vrst, prednostno pripisali status 
domorodne vrste. Težava je, da jasne meje med domačim in novim območjem razširjenosti 
zaradi pomanjkanja florističnih, herbarijskih in arheobotaničnih podatkov ni mogoče 
natančno določiti. Posledično je stopnja prisotnosti neofitov lahko precenjena v manjših 
regijah, kjer ima lahko določena vrsta status neofita, čeprav je domorodna v bližnji okolici. 
Ravno nasprotno je bila določena vrsta, ki je domorodna le na manjšem delu večje regije, 
upoštevana kot domorodna na celotnem območju. 
 
V naši raziskavi smo primerjali tudi zastopanost neofitov, ki izvirajo iz Evrope, s tistimi, ki 
izvirajo izven Evrope. Delež neofitov iz Evrope predstavlja približno polovico celotnega 
nabora neofitov v našem naboru podatkov. Podobno so ugotovili (Wagner et al., 2017) za 
evropske gozdove in (Lambdon et al., 2008) za celotno naturalizirano floro tujerodnih vrst 
v Evropi. Na obalnih sipinah (Giulio et al., 2020) in v plevelni in ruderalni vegetaciji 
nekaterih regij (Brun, 2009) je ta delež precej nižji. V nasprotju s podobno zastopanostjo 
obeh skupin tujerodnih vrst v celotnem naboru vrst je frekvenca pojavljanja zelo različna – 
neofiti evropskega izvora so veliko redkejši (16 % vseh pojavljanj neofitov) kot neofiti 
neevropskega izvora (84 %). Podobno so odkrili tudi v analizah evropskih gozdov in obalnih 
sipin (Wagner et al., 2017; Giulio et al., 2020). Razlog za ta pojav je verjetno manjše 
območje, na katerem je neofit iz Evrope lahko tujeroden, če je domoroden v preostalem delu. 
Zanimiv je tudi podatek, da regije z velikim skupnim številom neofitov (predvsem atlantska 
in sredozemska), ki so v preteklosti imele obsežne kolonije na več kontinentih, nimajo nujno 
višje zastopanosti neofitov neevropskega izvora v primerjavi z neofiti evropskega izvora. 
Predvidevamo lahko, i) da imajo drugi dejavniki večji vpliv kot zgodovinske transportne 
poti ali ii) da so se neofiti iz kolonialnega obdobja že razširili v sosednje regije, nove vrste 
pa bolj enakomerno prispejo v različne evropske regije. V sredozemski regiji neofiti 
neevropskega izvora sicer predstavljajo večji delež vseh neofitov, vendar je lahko ta rezultat 
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predvsem odraz tega, da je sredozemska regija pomemben vir neofitov za druge regije 
(Lososová in Grulich, 2009; Youssef et al., 2020). Na nivoju popisov so neofiti 
neevropskega izvora bolj zastopani kot neofiti evropskega izvora v vseh biogeografskih 
regijah, razen v atlantski, kjer je zastopanost podobna. 
 
Zaključki 
Čeprav predvidevanja kažejo, da se bo obseg obdelovalnih površin zmanjšal (World Bank, 
2020), se vnos novih neofitov verjetno ne bo (Seebens et al., 2017). Spremembe rabe tal 
predstavljajo pomemben dejavnik v zastopanosti tujerodnih vrst (Hobbs, 2000; Chytrý et al., 
2009), vendar bodo obdelovalne površine nedvomno ostale eden izmed poglavitnih tipov 
rabe tal. Zaradi stalnih novih vnosov, časovnega zamika, preden se vrsta razširi iz točke 
vnosa, ter predvidenih podnebnih sprememb lahko v prihodnosti pričakujemo širjenje in 
naraščanje števila neofitov v Evropi, od katerih bodo vsaj nekateri lahko postali tudi 
gospodarsko pomembni (Kowarik, 1995; Aikio et al., 2010; Hyvönen in Jalli, 2011; Follak 
et al., 2017). Tujerodne vrste na novih območjih bodo verjetno neevropskega izvora (Pyšek 
et al., 2003; Brun, 2009), pri čemer bo intenzivnost trgovskih in turističnih povezav/poti 
določala konkretne izvorne regije. Iz vsega navedenega sledi, da bodo v prihodnosti 
kartiranje plevelov in zgodnji sistemi obveščanja ključni tako za nadzor nad tujerodnimi 
vrstami in upravljanje z njimi kot tudi za preprečevanje izginjanja redkih plevelnih in 
ruderalnih vrst. 
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Annex A 
Chapter 1: Contributing databases 
List of databases included in EVA, contributing to the original dataset. Database name, 
Identification number in the Global Index of Vegetation-plot Databases (GIVD ID) and 
number of contributed plots are given. 
 
Database name Nr. of plots GIVD_ID 
Vegetation Database of Albania 25 EU-AL-001 
Mediterranean Ammophiletea database 80 EU-00-016 
Austrian Vegetation Database 1043 EU-AT-001 
Balkan Dry Grasslands Database 537 EU-00-013 
Balkan Vegetation Database 155 EU-00-019 
Vegetation-Plot Database of the University of the Basque 
Country (BIOVEG) 
1202 EU-00-011 
INBOVEG 9 EU-BE-002 
INBOVEG 96 EU-BE-002 
UK National Vegetation Classification Database 615 EU-GB-001 
Bulgarian Vegetation Database 175 EU-BG-001 
Croatian Vegetation Database 1122 EU-HR-002 
Czech National Phytosociological Database 9887 EU-CZ-001 
National Vegetation Database of Denmark 82 EU-DK-002 
European Coastal Vegetation Database 48 EU-00-017 
European Weed Vegetation Database 28985 EU-00-028 
SOPHY 6645 EU-FR-003 
German Vegetation Reference Database (GVRD) 127 EU-DE-014 
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VegetWeb Germany 221 EU-DE-013 
VegetWeb Germany 368 EU-DE-013 
VegetWeb Germany 133 EU-DE-013 
VegMV 5136 EU-DE-001 
German Grassland Vegetation Database (GrassVeg.DE) 120 EU-DE-020 
Gravel bar vegetation database 18 EU-00-025 
Hellenic Woodland Database + Hellenic Beech Forests 
Database (Hell-Beech-DB) 
1 
EU-GR-006 
+ EU-GR-
007 
Hellenic Natura 2000 Vegetation Database (HelNatVeg) 37 EU-GR-005 
German Vegetation Reference Database (GVRD) 2012 EU-DE-014 
CoenoDat Hungarian Phytosociological Database 501 EU-HU-003 
Irish Vegetation Database 386 EU-IE-001 
Vegetation database of Habitats in the Italian Alps - 
HabItAlp 
26 EU-IT-010 
Vegetation Plot Database - Sapienza University of Rome 1373 EU-IT-011 
KRITI 1163 EU-GR-001 
Semi-natural Grassland Vegetation Database of Latvia 11 EU-LV-001 
Lithuanian vegetation Database 870 EU-LT-001 
Vegetation Database of the Republic of Macedonia 72 
EU-MK-
001 
Dutch National Vegetation Database 3983 EU-NL-001 
Dutch National Vegetation Database 266 EU-NL-001 
The Nordic Vegetation Database 14 EU-00-018 
Nordic-Baltic Grassland Vegetation Database (NBGVD) 19 EU-00-002 
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Polish Vegetation Database 8237 EU-PL-001 
Romanian Grassland Database 2427 EU-RO-008 
Romanian Forest Database 3 EU-RO-007 
EU-RU-014 34 EU-RU-014 
Database of South Ural Order Arrhenatheretalia (merged 
with 00-RU-006) 
1080 00-RU-005 
Lower Volga Valley Phytosociological Database 965 EU-RU-002 
Vegetation Database Grassland Vegetation of Serbia 40 EU-RS-002 
Database of Forest Vegetation in Republic of Serbia + 
Vegetation Database of Northern Part of Serbia (AP 
Vojvodina) 
30 
EU-RS-003 
+ EU-RS-
004 
Slovak Vegetation Database 1130 EU-SK-001 
Vegetation Database of Slovenia 945 EU-SI-001 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
6 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
199 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
3 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
2 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
135 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
343 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
13 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
130 EU-00-004 
Iberian and Macaronesian Vegetation Information System 
(SIVIM) 
2 EU-00-004 
Vegetation Database of Tatarstan 85 EU-RU-011 
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Vegetation Database of the Grassland Communities in 
Anatolia +  NN 
204 
AS-TR-001 
+ NN 
Vegetation Database of Oak Communities in Turkey 7 AS-TR-002 
 2 not GIVD 
Ukrainian Grassland Database 11 EU-UA-001 
Halophytic and coastal vegetation database of Ukraine 109 EU-UA-005 
Vegetation Database of Ukraine and Adjacent Parts of 
Russia 
91 EU-UA-006 
VegItaly 375 EU-IT-001 
WetVegEurope 12 EU-00-020 
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Annex B 
Chapter 1: List of crop species in the dataset 
Based on the dataset examination, a cover threshold value was determined for every crop 
species, above which it was removed from the plot record due to high probability of 
cultivation. 
 
Crop species  Cover  
threshold 
(%) 
Allium cepa 10 
Allium sativum 10 
Anethum graveolens 10 
Avena sativa 15 
Beta vulgaris 15 
Brassica napus 15 
Brassica oleracea 15 
Brassica rapa 15 
Capsicum annuum 15 
Cichorium endivia 35 
Citrullus colocynthis 15 
Citrullus lanatus 10 
Citrus aurantium 15 
Citrus limon 15 
Citrus sinensis 15 
Cucumis sativus 15 
Cucurbita pepo 15 
Daucus carota 50 
Glycine max 15 
Helianthus annuus 50 
Hordeum vulgare 15 
Lactuca sativa 35 
Lens culinaris 15 
Linum usitatissimum 15 
Lycopersicum 
esculentum 
25 
Medicago sativa 60 
Nicotiana rustica 15 
Nicotiana tabacum 15 
Petroselinum crispum 15 
Phaseolus coccineus 15 
Phaseolus vulgaris 15 
Pisum sativum 20 
Secale cereale 15 
Solanum melongena 15 
Solanum tuberosum 15 
Triticosecale rimpaui 15 
Triticum aestivum 15 
Triticum monococcum 90 
Triticum turgidum 15 
Vicia ervilia 15 
Vicia faba 30 
Viola x wittrockiana 35 
Vitis vinifera 35 
Zea mays 15 
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Annex C 
Chapter 1: Species characterization of the four main clusters 
Lists of Diagnostic, Constant and Dominant species for each of the four main clusters. 
Diagnostic species list contains species with a phi coefficient above 0.15 (x100) (above 0.30 
in bold), Constant species list species with relative frequency above or equal to 10 % (above 
30 % in bold), and Dominant species list species reaching cover above 15 % in at least 1 % 
(above 5 % in bold) of the plots in the corresponding cluster. 
 
Cluster  1  
Number of relevés: 2711  
Diagnostic species: Galium tricornutum 56.2, Papaver rhoeas 54.4, Ranunculus arvensis 
52.7, Buglossoides arvensis 46.2, Scandix pecten-veneris 45.2, Lolium rigidum 42.9, 
Caucalis platycarpos 40.8, Roemeria hybrida 39.4, Neslia paniculata 39.4, Hypecoum 
imberbe 38.8, Vicia sativa aggr. 35.2, Vaccaria hispanica 35.0, Rapistrum rugosum 33.7, 
Coronilla scorpioides 33.2, Biscutella auriculata 33.1, Agrostemma githago 32.9, Anacyclus 
clavatus 32.8, Papaver hybridum 32.6, Camelina microcarpa 32.6, Fumaria parviflora 31.1, 
Silene vulgaris 31.0, Vicia peregrina 30.7, Asperula arvensis 29.5, Hypecoum pendulum 29.2, 
Anchusa azurea 29.0, Euphorbia serrata 28.4, Legousia speculum-veneris 28.2, Convolvulus 
arvensis 28.0, Vicia pannonica 27.7, Leopoldia comosa 27.3, Sisymbrium crassifolium 26.9, 
Lathyrus aphaca 26.1, Avena sterilis 26.1, Filago pyramidata 25.5, Lathyrus cicera 24.5, 
Conringia orientalis 24.4, Adonis microcarpa 24.1, Turgenia latifolia 23.6, Bifora radians 
23.3, Vicia lutea 23.2, Veronica hederifolia aggr. 23.0, Androsace maxima 22.7, Bifora 
testiculata 22.4, Adonis flammea 22.3, Legousia hybrida 22.2, Linaria hirta 22.0, Silene 
conoidea 21.7, Vicia monantha 21.6, Fumaria officinalis 21.3, Alopecurus myosuroides 21.0, 
Lamium amplexicaule 20.9, Holosteum umbellatum 20.8, Fumaria densiflora 20.5, Papaver 
argemone 20.4, Gladiolus italicus 20.4, Mibora minima 20.2, Anthemis arvensis 20.1, Eruca 
vesicaria 20.0, Lolium temulentum 19.9, Alyssum simplex 19.6, Centaurea scabiosa 19.3, 
Reseda phyteuma 19.0, Chondrilla juncea 18.7, Euphorbia falcata 17.8, Centaurea benedicta 
17.7, Glaucium corniculatum 17.1, Senecio gallicus 16.5, Cerastium glomeratum 16.4, 
Lupinus angustifolius 16.3, Bupleurum rotundifolium 16.3, Linaria spartea 16.2, Fumaria 
vaillantii 16.1, Medicago sativa aggr. 16.0, Adonis aestivalis 15.7, Rhagadiolus stellatus 15.6, 
Sisymbrium orientale 15.5, Herniaria hirsuta 15.5, Eryngium campestre 15.5, Medicago 
polyceratia 15.2, Consolida regalis 15.2, Spergula pentandra 15.0 
Constant species: Papaver rhoeas 69, Convolvulus arvensis 61, Vicia sativa aggr. 46, 
Ranunculus arvensis 41, Galium tricornutum 41, Polygonum aviculare aggr. 39, Lolium 
rigidum 39, Buglossoides arvensis 39, Cirsium arvense 32, Scandix pecten-veneris 31, Neslia 
paniculata 25, Fallopia convolvulus 25, Anagallis arvensis 25, Lamium amplexicaule 24, 
Anthemis arvensis 24, Caucalis platycarpos 23, Anacyclus clavatus 23, Veronica hederifolia 
aggr. 22, Rapistrum rugosum 22, Silene vulgaris 21, Roemeria hybrida 21, Hypecoum imberbe 
21, Capsella bursa-pastoris 21, Cyanus segetum 20, Agrostemma githago 20, Raphanus 
raphanistrum 19, Papaver hybridum 19, Fumaria officinalis 19, Sinapis arvensis 18, Fumaria 
parviflora 18, Coronilla scorpioides 18, Camelina microcarpa 18, Avena sterilis 18, Vaccaria 
hispanica 17, Senecio vulgaris 17, Euphorbia serrata 17, Biscutella auriculata 16, Leopoldia 
comosa 15, Filago pyramidata 15, Vicia peregrina 14, Legousia speculum-veneris 14, 
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Eryngium campestre 14, Consolida regalis 14, Stellaria media aggr. 13, Chondrilla juncea 13, 
Cerastium glomeratum 13, Anchusa azurea 13, Viola arvensis 12, Vicia pannonica 12, 
Veronica arvensis 12, Papaver argemone 12, Chenopodium album 12, Sonchus oleraceus 11, 
Lathyrus aphaca 11, Hypecoum pendulum 11, Erodium cicutarium 11, Calendula arvensis 11, 
Asperula arvensis 11, Alopecurus myosuroides 11  
Dominant species: Papaver rhoeas 6, Hypecoum imberbe 3, Raphanus raphanistrum 2, Lolium 
rigidum 2, Avena sterilis 2, Vicia sativa aggr. 1, Veronica hederifolia aggr. 1, Sinapis arvensis 
1, Ranunculus arvensis 1  
  
Cluster  2  
Number of relevés: 12498  
Diagnostic species: Viola arvensis 52.5, Myosotis arvensis 46.4, Fallopia convolvulus 46.1, 
Stellaria media aggr. 44.4, Elytrigia repens 43.4, Apera spica-venti 41.1, Equisetum arvense 
40.6, Tripleurospermum inodorum 39.4, Chenopodium album 38.3, Galeopsis tetrahit 36.3, 
Vicia hirsuta 33.3, Mentha arvensis 32.3, Veronica persica 32.2, Lamium purpureum 32.2, 
Scleranthus annuus 32.0, Persicaria lapathifolia 31.3, Capsella bursa-pastoris 31.1, 
Sonchus arvensis 30.6, Thlaspi arvense 30.2, Cyanus segetum 29.9, Stachys palustris 29.8, 
Persicaria maculosa 29.8, Spergula arvensis 29.4, Cirsium arvense 29.1, Gnaphalium 
uliginosum 27.8, Ranunculus repens 27.7, Galium aparine 27.2, Lapsana communis 26.3, 
Plantago major 25.3, Galinsoga parviflora 24.6, Achillea millefolium aggr. 23.6, Polygonum 
aviculare aggr. 23.4, Rumex acetosella aggr. 22.8, Oxalis stricta 22.3, Taraxacum sect. 
Taraxacum 22.2, Veronica arvensis 22.1, Silene noctiflora 21.8, Euphorbia helioscopia 21.5, 
Vicia tetrasperma 21.2, Persicaria hydropiper 19.9, Geranium pusillum 19.2, Erysimum 
cheiranthoides 19.2, Galeopsis bifida 17.8, Lycopsis arvensis 17.5, Aethusa cynapium 17.5, 
Cerastium fontanum 17.3, Matricaria chamomilla 17.1, Juncus bufonius aggr. 16.9, Agrostis 
stolonifera aggr. 16.9, Lipandra polysperma 16.8, Ochlopoa annua 16.5, Argentina anserina 
16.1, Arenaria serpyllifolia aggr. 15.9, Aphanes arvensis 15.8, Stellaria graminea 15.6, 
Echinochloa crus-galli 15.3, Galinsoga quadriradiata 15.0  
Constant species: Stellaria media aggr. 59, Chenopodium album 59, Fallopia convolvulus 
57, Viola arvensis 53, Capsella bursa-pastoris 50, Cirsium arvense 49, Polygonum aviculare 
aggr. 48, Elytrigia repens 47, Convolvulus arvensis 38, Tripleurospermum inodorum 35, 
Myosotis arvensis 35, Veronica persica 31, Cyanus segetum 31, Galium aparine 30, 
Equisetum arvense 30, Apera spica-venti 29, Anagallis arvensis 27, Persicaria lapathifolia 
25, Vicia sativa aggr. 24, Veronica arvensis 24, Taraxacum sect. Taraxacum 23, Scleranthus 
annuus 23, Plantago major 23, Persicaria maculosa 23, Ochlopoa annua 23, Lamium 
purpureum 23, Vicia hirsuta 22, Spergula arvensis 22, Sonchus arvensis 22, Euphorbia 
helioscopia 21, Thlaspi arvense 20, Papaver rhoeas 20, Galeopsis tetrahit 20, Achillea 
millefolium aggr. 20, Sinapis arvensis 19, Rumex acetosella aggr. 19, Raphanus raphanistrum 
19, Mentha arvensis 17, Echinochloa crus-galli 17, Ranunculus repens 16, Lamium 
amplexicaule 16, Anthemis arvensis 16, Sonchus asper 15, Galinsoga parviflora 15, Veronica 
hederifolia aggr. 14, Sonchus oleraceus 14, Setaria pumila 14, Trifolium repens 13, Stachys 
palustris 13, Matricaria chamomilla 13, Lapsana communis 13, Erodium cicutarium 13, 
Consolida regalis 13, Artemisia vulgaris aggr. 13, Arenaria serpyllifolia aggr. 13, Senecio 
vulgaris 12, Gnaphalium uliginosum 12, Arabidopsis thaliana 12, Aphanes arvensis 12, Rumex 
crispus 11, Geranium pusillum 11, Erigeron canadensis 11  
Dominant species: Stellaria media aggr. 6, Galinsoga parviflora 3, Chenopodium album 3, 
Apera spica-venti 3, Tripleurospermum inodorum 2, Elytrigia repens 2, Viola arvensis 1, 
Veronica persica 1, Veronica hederifolia aggr. 1, Spergula arvensis 1, Setaria pumila 1, 
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Scleranthus annuus 1, Polygonum aviculare aggr. 1, Papaver rhoeas 1, Matricaria 
chamomilla 1, Galium aparine 1, Fallopia convolvulus 1, Echinochloa crus-galli 1, Cyanus 
segetum 1, Cota austriaca 1, Convolvulus arvensis 1, Cirsium arvense 1, Capsella bursa-
pastoris 1  
  
Cluster  3  
Number of relevés: 4895  
Diagnostic species: Hordeum murinum aggr. 30.5, Galactites tomentosus 27.9, Anisantha 
madritensis 27.3, Avena barbata 27.0, Lagurus ovatus 26.9, Plantago lagopus 26.6, Rostraria 
cristata 26.1, Reichardia picroides 24.0, Catapodium rigidum 24.0, Trifolium scabrum 23.3, 
Geranium molle 23.1, Dactylis glomerata 22.7, Hedypnois rhagadioloides 22.3, Trachynia 
distachya 22.2, Urospermum picroides 22.0, Erodium malacoides 22.0, Malva parviflora 21.2, 
Trifolium stellatum 20.8, Malva multiflora 20.4, Geranium purpureum 20.4, Hypochaeris 
achyrophorus 20.3, Trifolium campestre 19.9, Foeniculum vulgare 19.8, Scorpiurus muricatus 
19.2, Linum strictum 19.2, Sixalix atropurpurea 19.1, Plantago coronopus 19.0, Medicago 
littoralis 19.0, Urospermum dalechampii 18.9, Piptatherum miliaceum 18.9, Oxalis pes-caprae 
18.9, Parietaria judaica 18.8, Carlina corymbosa 18.6, Convolvulus althaeoides 18.4, Sonchus 
tenerrimus 18.3, Medicago polymorpha 18.3, Geranium rotundifolium 18.1, Glebionis 
coronaria 18.0, Anisantha rigida 18.0, Dittrichia viscosa 17.9, Calendula arvensis 17.7, 
Pallenis spinosa 17.5, Echium plantagineum 17.5, Vulpia fasciculata 17.4, Salvia verbenaca 
17.2, Crepis vesicaria 17.2, Polycarpon tetraphyllum 17.1, Bituminaria bituminosa 17.1, Briza 
maxima 16.7, Lobularia maritima 16.6, Brachypodium retusum 16.4, Carduus pycnocephalus 
16.3, Carduus tenuiflorus 16.2, Vulpia ciliata 15.9, Tordylium apulum 15.8, Asterolinon linum-
stellatum 15.7, Aegilops geniculata 15.7, Bromus hordeaceus 15.6, Plantago afra 15.4, 
Anthriscus caucalis 15.4, Sisymbrium irio 15.3, Geranium lucidum 15.3, Asphodelus fistulosus 
15.3, Lotus ornithopodioides 15.2, Clinopodium nepeta 15.1 
Constant species: Hordeum murinum aggr. 29, Sonchus oleraceus 20, Avena barbata 19, 
Dactylis glomerata 17, Convolvulus arvensis 17, Anagallis arvensis 17, Anisantha madritensis 
16, Geranium molle 15, Plantago lanceolata 14, Lolium rigidum 14, Calendula arvensis 14, 
Bromus hordeaceus 14, Trifolium campestre 13, Stellaria media aggr. 13, Sherardia arvensis 
13, Senecio vulgaris 13, Papaver rhoeas 13, Medicago polymorpha 13, Galactites tomentosus 
12, Erodium cicutarium 12, Catapodium rigidum 12, Rostraria cristata 11, Plantago lagopus 
11, Hedypnois rhagadioloides 11, Daucus carota 11, Capsella bursa-pastoris 11  
Dominant species: Hordeum murinum aggr. 5, Oxalis pes-caprae 2, Glebionis coronaria 2, 
Galactites tomentosus 2, Diplotaxis erucoides 2, Vulpia fasciculata 1, Sisymbrium irio 1, 
Parietaria judaica 1, Malva parviflora 1, Malva multiflora 1, Geranium lucidum 1, Bromus 
hordeaceus 1, Brachypodium phoenicoides 1, Anthriscus caucalis 1, Anisantha madritensis 1  
 
Cluster  4  
Number of relevés: 9564  
Diagnostic species: Amaranthus retroflexus 27.1, Portulaca oleracea 27.0, Digitaria 
sanguinalis 23.8, Erigeron canadensis 23.4, Echinochloa crus-galli 19.0, Eragrostis minor 
18.6, Solanum nigrum 17.9, Amaranthus albus 17.8, Urtica dioica 17.4, Lolium perenne 16.9, 
Setaria verticillata 15.8, Malva neglecta 15.4, Atriplex tatarica 15.1, Amaranthus blitoides 
15.1 
Constant species: Chenopodium album 41, Convolvulus arvensis 33, Polygonum aviculare 
aggr. 27, Capsella bursa-pastoris 23, Cirsium arvense 22, Amaranthus retroflexus 21, 
Erigeron canadensis 20, Elytrigia repens 19, Echinochloa crus-galli 19, Taraxacum sect. 
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Taraxacum 17, Stellaria media aggr. 16, Sonchus oleraceus 16, Ochlopoa annua 16, Lolium 
perenne 15, Cynodon dactylon 15, Solanum nigrum 14, Setaria pumila 14, Plantago major 14, 
Tripleurospermum inodorum 13, Lactuca serriola 13, Digitaria sanguinalis 13, Setaria viridis 
12, Portulaca oleracea 12, Plantago lanceolata 12, Artemisia vulgaris aggr. 12, Persicaria 
lapathifolia 11, Hordeum murinum aggr. 11, Fallopia convolvulus 11  
Dominant species: Hordeum murinum aggr. 5, Chenopodium album 3, Setaria pumila 2, 
Polygonum aviculare aggr. 2, Malva neglecta 2, Elytrigia repens 2, Echinochloa crus-galli 2, 
Digitaria sanguinalis 2, Cynodon dactylon 2, Convolvulus arvensis 2, Anisantha sterilis 2, 
Stellaria media aggr. 1, Portulaca oleracea 1, Persicaria lapathifolia 1, Erigeron canadensis 
1, Cirsium arvense 1, Anisantha tectorum 1, Ambrosia artemisiifolia 1, Amaranthus retroflexus 
1  
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Annex D 
Chapter 1: The non-confirmed alliances from the EuroVegChecklist in Mucina et al. 
(2016) 
A list of alliances included in the four target classes of weed and annual ruderal vegetation in 
Mucina, et al. (2016) (Papaveretea rhoeadis, Chenopodietea, Sisymbrietea, Digitario 
sanguinalis-Eragrostieta minoris), which we could not confirm in the analysis. The alliances 
are grouped in the respective classes and ordered following their order in Mucina et al. (2016). 
For every alliance we added its description in Mucina et al. (2016) and our arguments for its 
inclusion on the list, based on information stored in the database and literature review. 
 
Papaveretea rhoeadis S. Brullo et al. 2001  
Galeopsion bifidae Abramova in Mirkin et al. 1985: it is described as weed vegetation of 
gardens and root-crop fields on acidic sandy-loamy soils in the continental hemiboreal and 
boreal zones of E Europe and Siberia (according to the description actually a geographic 
vicariant to Oxalidion europaeae) (Mucina et al., 2016). Interestingly, in the prodrome of 
vegetation communities of Bashkortostan (Yamalov et al., 2012) the species describing 
Galeopsion bifidae correspond to the mix of Scleranthion and Oxalidion species. According to 
the scheme of weed vegetation in Yamalov et al. (2012), Galeopsion (including an association 
Galeopsietum bifidae) could represent weed vegetation, analogous (or even the same - 
synonymous) to Scleranthion, because other main weed vegetation alliances are included in 
the scheme (Caucalidion, Oxalidion (also characterized by Galeopsis bifida) and Spergulo-
Erodion). A recent paper by Khasanova et al. (2018) assessed Scleranthion alliance in the same 
Russian region with comparable set of species, but no mention of Galeopsion bifidae. 
Moreover, they included Galeopsietum bifidae in Scleranthion. To avoid confusion, another 
alliance of weed vegetation with a similar name should be mentioned – Galeopsion speciosae-
pubescentis (Kojić et al., 1998; Šilc et al., 2008) is characterized as the vegetation of cereal 
fields at higher altitudes. However, in Mucina et al. (2016) it is considered a synonym of 
Oxalidion alliance. 
Linion Rothmaler 1944: this alliance is often included into an order Lolio-Linetalia, being the 
only alliance, but it is characterized by a weed vegetation with several highly specialized 
species or subspecific taxa (merged to the species level for the analysis), only occurring in flax 
fields, and which had disappeared almost entirely already in the 60s or 70s (J Kornaš, 1961; 
Oberdorfer, 1993a). Because of the retreat and disappearance of this weed vegetation long ago, 
few plots were recorded and published (often densely sampled and therefore resampled in the 
data preparation). Consequently, they were included in other vegetation types. This vegetation 
type is most closely related to weed communities of cereal fields, on mildly acidic soils 
(Scleranthion, Aperetalia) ((Braun-Blanquet et al., 1952; Mucina, 1993; Oberdorfer, 1993a)) 
and this is where this vegetation type got included in our study (see cluster nr. 83). 
Matricario chamomillae-Chenopodion albi Timár 1954: described as »Summer-annual segetal 
weed vegetation on clayey subsaline soils of the subcontinental regions of Central and Eastern 
Europe” (Mucina et al., 2016). However, in Belarussian prodrome, Stepanović (2006) states it 
is a synonym of Panico-Setarion Sissingh 1946, which is again synonymous to Spergulo-
Erodion and included in Digitario-Eragrostietea according in Mucina et al. (2016). This 
assignment is supported by the inclusion of Setario-Galinsogetum, but other associations are 
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more ruderal and point to alliance Atriplicion (can be seen also in Yamalov et al. (2012), where 
they don't mention Matricario-Chenopodion alliance). Species composition as seen in the 
literature (Mucina, 1993; Borhidi et al., 2012) indicates  species of trampled (Atriplex tatarica, 
A. prostrata), sandy (Puccinelia distans, Crypsis alopecuroides), moist (Chenopodium 
ficifolium, Oxybasis glauca, Rumex stenophyllus) and moderately saline soil (Spergularia 
salina). See clusters 50, 51, 60 for the most corresponding ones, but non unambiguously. In 
these clusters, there is always only a subset of characteristic species represented (either 
hydrophylous or psammophilous). In the cluster 50 (assignment into Malvion pusillae) there 
are two plots, named »Ass. Polygonum aviculare cu Atriplex tatarica si Atriplex littoralis« with 
these species additional to Matricaria chamomilla, Lepidium ruderale and Chenopodium 
album. In the cluster 24 (assignment into Festuco-Puccinellietea) 1 plot is originally assigned 
to Matricario-Chenopodion albi, in cluster 52 (Atriplicion) 3 plots and in cluster 57 
(Eragrostion) 1 and the cluster 60 (Bidentetea/Isoeto-Nanojuncetea) 2 plots, and their species 
composition corresponds to species from literature. I would conclude that in this study this 
vegetation type wasn't detected. I also cannot proclaim it as a clear synonym of some other 
alliance, because its affiliation seems dubious. 
 
Anthemido ruthenicae-Sisymbrion orientalis V. Solomakha 1990: it is described as »Winter-
annual segetal weed vegetation of cereal crops on base-rich soils of Crimea« (Mucina et al., 
2016). Bagrikova (2005), in her overview of weed vegetation of Crimea, does not mention this 
alliance and in 2016, she actually states this alliance does not occur in Crimean peninsula 
alongside with Scleranthion and some other alliances due to too warm and dry climate. In a 
recent review of vegetation alliances of Ukraine (published after the EuroVeg Checklist), 
Solomakha et al. (2017) retained the alliance. The species, characteristic of the alliance 
(Solomakha, 1996) appear the most in the cluster number 6 (Anthemis ruthenica, Sisymbrion 
orientalis, Descurainia sophia; however, distributed only in N Hungary), but only in a small 
part. No plots in the dataset have been assigned to this alliance by the original authors (or the 
data is missing). There is a recent association described in Hungary (Sisymbrio orientalis-
Anthemidetum ruthenicae)(Borhidi et al., 2012), characteristic for base-rich sandy soils, which 
corresponds well to the alliance's description. However, the alliance Anthemido-Sisymbrion as 
characterized so far cannot be supported in this study. 
 
Lamio amplexicaule-Calepinion irregularis Bagrikova 1996: it is described as »Weed segetal 
vegetation of vineyards on the base-rich soils of Crimea« (Mucina et al., 2016). Bagrikova 
(2005) does not list this alliance in her prodrome of weed vegetation of Crimea. Furthermore, 
Bagrikova (2016) lists it among the synonymous names of Sisymbrion Tüxen, Lohmeyer & 
Preising ex von Rochow 1951 (with Atriplicion communities included) because of invalid 
publication (nom. prov.). She describes the vegetation of Sisymbrion as »Xerophilic ruderal 
communities that form along roadsides in urban landscapes, but are also found in perennial 
plantings of orchards, vineyards, abandoned fields, agrophytocenoses of row crops, on poorly 
mechanically disturbed soils and loose nitrified substrates«, which therefore includes weed 
vegetation of vineyards, but not limited to Crimea. Additionally, in Sisymbrion alliance she 
also includes an association Lamio amplexicaulis-Calepinetum irregularis. There are no plots 
in the dataset to have been assigned to this alliance by the original authors (or the data is 
missing). 
 
Chenopodio albi-Descurainion sophiae V. Solomakha et al. in V. Solomakha 1988: the alliance 
is described as: »Weed segetal vegetation of cereal crops on chernozem soils in the forest-
steppe zone of Ukraine« (Mucina et al., 2016). Bagrikova (2005) lists this vegetation type with 
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the same description, however, later in 2016 she lists it among the synonyms of Sisymbrion 
alliance (which includes Atriplicion) because of invalid publication (nom. prov.). Interestingly, 
Sisymbrion (and Atriplicion) alliances in the Central European synsystems designates 
vegetation of ruderal places (roadsides, construction ruble etc., i.e. spots recently disturbed 
where secondary succession is about to take place (Lososová, et al., 2009)). The description of 
the alliance Chenopodio-Descurainion is cereal weed vegetation, while the name-giving 
species as well as the characteristic species, listed in the literature (Solomakha, 1996) are very 
similar to Sisymbrion/Atriplicion. Much more field work is needed in the Eastern Europe to 
assess whether cereal weed communities there are different enough from the Central European 
ones. 
 
Erysimo repandi-Lycopsion orientalis V. Solomakha 1996: the alliance is described as »Weed 
segetal vegetation of arable crops on kastanozem and chernozem soils in the steppe zone of 
Ukraine« (Mucina et al., 2016). Species, characteristic for the alliance and its subordinate 
associations (Erysimum repandum, Camelina microcarpa, Cerastium perfoliatum, Cyanus 
depressus, Alyssum alyssoides; Solomakha (1996)) are not common in the dataset and appear 
only rarely in the Indicator species groups, while Lycopsis orientale is missing altogether. 
When they do occur, it is most commonly in Caucalidion or Roemerion vegetation. 
Interestingly, Bagrikova (2016) lists this alliance among the synonyms for Caucalidion 
lappulae. Another support for similarity and maybe synonymity is given by the fact that 
Erysimo-Lycopsion was classified by its author Solomakha (1996) in Secalietea and 
Secalietalia which comprises weed vegetation of cereal crops on base-rich soils, and so does 
Caucalidion (Oberdorfer, 1993a; Lososová et al., 2009). I propose to treat it as a synonym. 
 
Lactucion tataricae Rudakov in Mirkin et al. 1985: it is described as »Weed segetal vegetation 
on chernozem soils in the steppe zone of Southern Russia« (Mucina et al., 2016). The soils 
there can be salty, vegetation is relatively species poor, optimum reached in summer 
(Bagrikova, 2005). The only species, really characteristic for the alliance (and an association 
Lactucetum tataricae) is Lactuca tatarica (Solomakha et al., 1992; Bagrikova, 2005, 2016). 
Beside this species, some others are also common: Solanum nigrum, Ambrosia artemisiifolia, 
Sonchus oleraceus, Echinochloa crus-galli, Lepidium ruderale, Erigeron canadensis 
(Solomakha et al., 1992). The alliance is classified in different orders, sometimes among cereal 
weed vegetation types (Secalietalia in Solomakha et al. (1992) and Bagrikova (2005)) and 
sometimes among row-crop and orchard vegetation (Atriplici-Chenopodietalia in Bagrikova 
(2016)). Surprisingly, it is missing from the prodrome of vegetation of Ukraine (Solomakha, 
1996). In the dataset it appears in clusters 73 (Spergulo-Erodion), and 24 (Puccinelietea). There 
are 100 occurences of Lactuca tatarica, majority in plots from the three mentioned clusters. 
The few plots that have some syntaxon assigned, it is Agropyretea intermedio-repentis, 
Festuco-Puccinellietea, Festucetea vaginatae or Cannabion sativae. Since only 4 plots include 
L. tatarica with cover more than 30 %, it can be concluded there are too few plots to enable us 
to make a well supported decision about validity of the alliance. 
 
Fumarion wirtgenii-agrariae S. Brullo in S. Brullo et Marcenò 1985: it is described as »Weed 
segetal vegetation of vineyards, orchards and hoed crops in the thermomediterranean belt of 
the Western and Central Mediterranean (Mucina et al., 2016). The authors of the alliance (S 
Brullo and Marcenò, 1985) formed it as a vicariant of the Central/Atlantic European alliance 
Oxalidion, with some typical species missing (Fumaria officinalis, Lipandra polysperma, 
Galeopsis tetrahit, Mentha arvensis, Senecio vernalis, Veronica agrestis, V. polita and some 
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others). However, there is much similarity with Diplotaxion erucoidis, for which see cluster 
14. The few plots that have the alliance Fumarion originally assigned in the dataset were mostly 
classified in clusters 11 (Hordeion murini) and 13 (Veronico-Urticion). 
 
Sisymbrietea Gutte et Hilbig 1975  
Cannabion sativae Golub et al. 2012: it is described as »Ruderal vegetation of tall summer-
annual herbs on heavy clayey nutrient-rich soils of continental Eastern Europe« (Mucina et al., 
2016). The alliance has been relatively recently described, so it is missing in older literature. 
Of the newer syntheses, it is of course considered for the Ukraine (Solomakha et al., 2017), but 
Bagrikova (2016) classified an association Cannabinetum ruderalis among Atriplicion 
associations, and the authors of the recent prodrome of vegetation of Ukraine (Dubyna et al., 
2019) classified it into Sisymbrion. For Russia, Yamalov et al. (2012) classified Cannabio-
Atriplicetum nitentis in Atriplicion (however, that year Cannabion was barely published). The 
same case is published by  Golovanov and Abramova (2018). The few plots with assigned 
Cannabion in the header data were classified in cluster nr. 50 (Malvion neglectae) and 24 
(Festuco-Puccinelietea). The species Cannabis sativa appears individually also in clusters 9, 
69, 73 (Caucalidion and Spergulo-Erodion), but not frequent in Atriplicion or Salsolion 
alliances. According to the descriptions in Mucina et al. (2016) the difference between both 
alliances is in the soil (sandy-loamy for Atriplicion and heavy clayey for Cannabion) and in 
geographic distribution (Atriplicion for subcontinental temperate Europe and Cannabion for 
continental E Europe). In the original publication (Golub et al., 2012), the alliance was 
classified in the class Polygono-Artemisietea austriacae, which is considered synonymous with 
Artemisietea vulgaris in Mucina et al. (2016). Species, characteristic for the alliance in the 
original publication are: Medicago sativa ssp. caerulea, Descurainia sophia, Atriplex aucheri, 
Helianthus lenticularis, Convolvulus arvensis, Conyza canadensis, Cynanchum acutum, 
Cannabis sativa var. spontanea, Lactuca serriola, Acroptilon repens, Eremopyrum orientale, 
Chorispora tenella and Phragmites australis. In our dataset, they are most common in the 
cluster number 24, however the delimitation from related alliances needs to be assessed further. 
 
Chenopodietea Br.-Bl. in Br.-Bl. et al. 1952 
Alysso granatensis-Brassicion barrelieri Rivas-Mart. et Izco 1977: it is described as »Spring 
pioneer vegetation in man-made habitats on nutrient-poor soils of the Spanish Meseta Central« 
(Mucina et al., 2016). According to original description it occurs on base-poor and nutrient 
poor sandy soil, and includes many species of Brassicaceae (Rivas-Martínez and Izco, 1977). 
Species, characteristic for this alliance (e.g. in Rivas-Martínez and Izco (1977) and Costa et al. 
(2012)) occur to some extent in cluster number 23, combined with clear Rumicion 
bucephalophori. This is not surprising, because both alliances occur on base-poor and nutrient-
poor soils in central Spain (submediterranean, excluding coastal regions), optimally developed 
in spring (Alysso-Brassicion on man-made places, Rumicion on winter cereals) (Rivas-
Martínez and Izco, 1977; Nezadal, 1989; Mucina et al., 2016). Further data is needed for the 
decision on whether to merge Alysso-Brassicion with Rumicion or to keep them as separate 
alliances. 
 
Resedo lanceolatae-Moricandion Fernández Casas et M.E. Sánchez 1972: »Annual 
nitrophilous and subnitrophilous vegetation of (semi) arid regions of the Southern Iberian 
Peninsula and Canary Islands« (Mucina et al., 2016). This alliance is supposed to represent a 
vicariant of Echio-Plantaginion in the southern drier regions, with species of steppic character, 
several of them distributed also in North Africa (Rivas-Martínez and Izco, 1977). They also 
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state that the alliance includes communities from various environments which consequently 
makes it harder to discern characteristic species. The alliance is also in relation to Hordeion 
murini (=Hordeion leporini) and Taeniathero-Aegilopion via gradient of nutrient content. In 
this study, species characteristic for the alliance according to Rivas-Martínez and Izco (1977) 
and Ninot et al. (2011) appear as diagnostic in several clusters, but never in majority – nr. 14 
(with Diplotaxion/Fumarion), 16 (Hordeion murini), 35 (Hordeion murini/Tuberarietea). Of 
25 plots with Resedo-Moricandion as the original assignment, some of them were classified in 
cluster 16 and some of them in 35, which suggests the actual close relationship. I cannot see 
the clear delimitation of this alliances, instead it seems it is included in Hordeion murini. 
 
Fedio-Convolvulion cupaniani S. Brullo et Spampinato 1986: »Weed segetal vegetation of 
vineyards, abandoned fields and roadsides in the thermo- and mesomediterranean belts of 
Sicily« (Brullo, Giusso del Giusso, et al., 2007; Mucina et al., 2016). Species, characteristic for 
this alliance (Brullo, Giusso del Giusso, et al., 2007) appear mostly in the cluster 13 and its 
subclusters (Ridolfion segeti, Cerintho-Fedion). However, some species are missing from the 
dataset altogether (Vicia sicula, Fedia graciliflora). Already authors of the alliance (Brullo and 
Spampinato, 1985) commented on the ecologic and floristic relation to Cerintho-Fedion, 
however the floristic differences (undoubtedly a consequence of clear geographic disjunction) 
and at the time invalidly published name of Cerintho-Fedion led Brullo and Spampinato (1985) 
to publish Fedio-Convolvulion as a separate alliance. Interestingly, as stated in the description 
of Cerintho-Fedion, also in the case of Fedio-Convolvulion some species of predominantly 
North-African distribution are listed: Fedia graciliflora, Vicia sicula, Trisetaria segetum. I 
would propose to classify this vegetation type as a part of Ridolfion (which has –
Mediterranean-wide distribution, including North Africa) based on the results from this study. 
 
Bromo-Hirschfeldion incanae Lohmeyer 1975: »Macaronesian ruderal winter-annual 
grasslands« (Mucina et al., 2016). It is described as an alliance, largely geographically defined, 
but related to Hordeion murini ((Lohmeyer, 1975)). In several overviews (Rivas-Martínez et 
al., 1993; Rivas-Martínez et al., 2001; Costa et al., 2012), they included an association Bromo-
Hirschfeldietum incanae in Hordeion leporini (=Hordeion murini) and the alliance descriptions 
for Bromo-Hirschfeldion and Hordeion are very similar in Mucina et al. (2016) (»… ruderal 
winter-annual grassland«) except for the geographic designation. Species, listed as 
characteristic for Bromo-Hirschfeldion are commonly found in Hordeion murini communities. 
We would propose to call Bromo-Hirschfeldion incanae as synonymous to Hordeion murini. 
 
Linario polygalifoliae-Vulpion alopecuri Br.-Bl., Rozeira et Silva in Br.-Bl. et al. 1972: 
»Ephemeral therophytic vegetation on disturbed coastal dunes of the submediterranean 
Cantabro-Atlantic Iberian seaboards« (Mucina et al., 2016). This alliance is supposed to be a 
vicariant alliance to Laguro-Vulpion and Laguro-Bromion, distributed along Atlantic coast in 
Spain. It is therefore expected to appear in the same cluster or some neighbouring one. 
However, in the dataset, there are very few records of characteristic species, as listed in the 
literature: Vulpia alopecuros, Scrophularia canina, Linaria viscosa, or even missing Silene 
gracilis, Euphorbia baetica, Brassica oxyrrhina, Reichardia gaditana, Avena longiglumis, 
Linaria bipunctata, Ononis pinnata (Rivas-Martínez and Izco, 1977; Costa et al., 2012). Many 
of these species are restricted to Iberian Peninsula. The species that do occur in the dataset, 
they occur predominantly in the cluster 35 (Tuberarietea guttatae). Based on these findings I 
would propose to leave this alliance's validity unresolved. 
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Taeniathero-Aegilopion geniculatae Rivas- Mart. et Izco 1977: »Therophytic grasslands in 
abandoned overgrazed habitats of the Spanish Meseta Central« (Mucina et al., 2016). The 
species, considered characteristic in the literature (Aegilops spp. and Taeniatherum caput-
medusae; (Rivas-Martínez and Izco, 1977; Costa et al., 2012) appear predominantly in cluster 
nr. 31 (assignment into Festuco-Brometea), which comprises plots from C Balkans, a 
completely different geographic delimitation. Additionally, this alliance has been listed also in 
prodromes outside Iberian Peninsula, for example in France (Noble and Baret, 2019). This 
alliance is not defined well enough by characteristic species to retain it in the original scope. 
 
Securigero securidacae-Dasypyrion villosi Cano-Ortiz, Biondi et Cano in Cano-Ortiz et al. ex 
Di Pietro in Di Pietro et al. 2015: »Therophytic anthropogenic grasslands in fallow-land 
habitats of 
the central regions of the Apennine Peninsula« (Mucina et al., 2016). Securigera securidaca 
occurs mostly in the clusters 11 and 37, while Dasypyrum villosum is common in several 
clusters of various grassland vegetation. 
 
Geranio-Torilidion Lohmeyer et Trautmann 1970: »Mesic nitrophilous winter-annual fringe 
vegetation of the Macaronesia« (Mucina et al., 2016). Species, as listed in the literature (Brullo, 
Cormaci, et al., 2007) are rare in the whole dataset (Erucastrum canariense, Bowlesia (=Drusa) 
glandulosa) or even absent (Bryonia verrucosa, Drusa oppositifolia, Parietaria debilis). The 
first two, when they do occur, are concentrated in the clusters of Hordeion murini. The decision 
about the existence and delimitation of this alliance should be postponed until more data are 
available. 
 
Parietarion lusitanico-mauritanicae Rivas-Mart. et al. 2002: »Mesic shade-loving nitrophilous 
annual plant communities in the thermo- and mesomediterranean belts of the Western 
Mediterranean« (Mucina et al., 2016). It is a recently described alliance which has not been 
generally accepted yet (Ninot et al., 2011). I could not find the original description, but 
according to the names of associations that are classified into this alliance (Rivas-Martínez et 
al., 2001), species are missing from the dataset: Parietaria mauritanica, Mercurialis elliptica, 
Castellia tuberculosa. However, in their review of the Geranio-Cardaminetalia, Brullo, 
Cormaci, et al. (2007) list Parietarion lusitanico-mauritanicae as a pro parte synonym of both 
Geranio-Anthriscion and Valantio-Galion muralis, and they announce it as invalidly published. 
Additionally, the associations that were listed in the Parietarion in Rivas-Martínez et al. 
(2001), are placed partly in Geranio-Anthriscion and partly in Valantio-Galion. At least the 
first alliance is clearly distinguishable in the results in this study. On the other hand, no cluster 
corresponds to Parietarion lusitanico-mauritanicae. 
 
Valantio muralis-Galion muralis S. Brullo in S. Brullo et Marcenò 1985: »Mesic 
subnitrophilous winter-annual fringe and wall vegetation of the Central and Eastern 
Mediterranean« (Mucina et al., 2016). This alliance was described for the Sicily as a vicariant 
alliance to W Mediterranean Geranio-Anthriscion (Brullo and Marcenò, 1985). However, none 
of the clusters presents the corresponding species combination (Brullo and Marcenò, 1985; 
Brullo, Cormaci, et al., 2007). The closest is the cluster nr. 33, but not enough (and additionally 
it covers a large area instead of C and E Mediterranean). Interestingly, as stated in Mucina et 
al. (2016), Rivas-Martínez et al. (2001) proposed Valantio-Galion to be a synonym of Geranio-
Anthriscion (and vice versa in Biondi et al. (2014)). Many species are definitely common, 
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however, clear Geranio-Anthriscion cluster (nr. 32) shows the distribution only in the W 
Mediterranean. 
 
Cardaminion graecae Biondi, Pinzi et Gubellini in Biondi et al. 2013: »Mesic nitrophilous 
winter-annual fringe vegetation of the Apennines« (Mucina et al., 2016). There is no cluster, 
clearly indicating only this alliance, but the alliance is definitely included in the cluster 33. 
Since there are only few plots (10) including Cardamine graeca and C. monteluccii in the final 
dataset (Biondi et al., 2004), it is to be expected they are merged with other vegetation types. 
According to the results of this study, this alliance cannot be confirmed as a very distinct one. 
More data is needed for further evaluation of its position among other Geranio-Cardaminetalia 
alliances. 
 
Euphorbio taurinensis-Geranion lucidi Matevski et Čarni in Mucina et al. 2009: »Mesic 
nitrophilous winter-annual fringe vegetation of the submediterranean regions of the Balkan 
Peninsula« (Mucina et al., 2016)b. The alliance was described based on plots from North 
Macedonia and N Greece. The species characteristic for the alliance are rare in the final dataset 
(Euphorbia taurinensis 19 plots, mostly nr. 8 & 31; Lamium garganicum 4 plots, nr. 24 & 35; 
Clinopodium vardarense 0 plots) (Matevski and Čarni, 2001), which makes it impossible to 
reach a well-supported conclusion about the alliance's status. The only association, on which 
the authors based the alliance (Veronico cymbalariae-Cardaminetum graecae) is characterized 
by two species with south-eastern distribution in Europe, which differentiates this vegetation 
type from the Geranio-Anthriscion alliance, described for the W Mediterranean. However, later 
the same authors classified the same association in Geranio-Anthriscion due to many common 
species and argue that further research is needed to finally support (or not) the previously 
proposed new alliance Euphorbio-Geranion (Matevski and Čarni, 2003). Despite this, few 
years later Mucina et al. (2009) validated the alliance Euphorbio-Geranion (actually stating a 
wrong association – they listed the Veronico cymbalariae-Geranietum lucidi as the holotypus, 
while in the original publications (Matevski and Čarni, 2001, 2003) they named the association 
Veronico cymbalariae-Cardaminetum graecae). On an additional note, in further studies of the 
Geranio-Cardaminetalia in the same region the same authors recorded associations, which 
were missing the more thermophilous species and they therefore classified those new 
associations into mesophilous alliance Drabo-Cardaminion, described for temperate Europe 
(synonymous to Geranio-Anthriscion after Mucina et al. (2016)), meaning they think two 
alliances should be present in the Balkan peninsula. Finally, in this study we cannot confirm 
the Euphorbio-Geranion alliance, however, more field work and digitalization is needed to 
define the sciophilous annual spring vegetation in the Balkans, because none of the clusters of 
alliances of Geranio-Cardaminetalia (which comprises such vegetation types) occurs 
abundantly enough in the peninsula. 
 
Digitario sanguinalis-Eragrostietea minoris Mucina, Lososová et Šilc in Mucina et al. 2016 
Consolido-Eragrostion pooidis Soó et Timár in Timár 1957: »Thermophilous late-summer 
weed vegetation on heavy soils of the Pannonian Basin« (Mucina et al., 2016). The alliance 
did not receive wider attention, even in the works from the area of the supposed distribution. It 
is not mentioned in Mucina (1993), Sanda et al. (2008), Lososová et al. (2009) or Škvorc et al. 
(2017), but in the Romanian (Oprea and Sîrbu, 2012) and Hungarian prodromes (Borhidi et al., 
2012)bo they list it as synonymous with Amarantho-Chenopodion albi (due to articles 8 and 
29 of the International Code of Phytosociological Nomenclature). Interestingly, the latter 
alliance is listed as synonymous with Eragrostion by Lososová et al. (2009) and Mucina et al. 
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(2016), but the Consolido-Eragrostion is retained in the list as a separate and valid alliance. It 
seems that Consolido-Eragrostion should be considered synonymous with Eragrostion, 
following the described history. 
 
Chenopodion botrys S. Brullo et Marcenò 1980: »Weed vegetation on sandy acidic and 
nutrient-poor soils in the thermo- and mesomediterrannean belts of Sicily« (Mucina et al., 
2016). This alliance was subtracted from the Diplotaxion erucoidis, which represents a 
Mediterranean »vicariant« of the more continental and E European alliances Eragrostion, 
Spergulo-Erodion and Oxalidion (Brullo and Marcenò, n.d.). Only three species are listed as 
characteristic (differential from Diplotaxion): Brassica fruticulosa, Euphorbia chamaesyce 
ssp. chamaesyce var. chamaesyce, and Dysphania botrys. These three species occur together 
in the cluster nr. 57, which could represent either Diplotaxion erucoidis or Chenopodion botrys, 
which are similar to each-other (and positioned next to eachother on the classification tree – 
clusters 57 and 58). The differential species occur also in several other clusters and can 
therefore be only used as differential between two syntaxa and not in general to define them. 
There are no original authors' assignments to Chenopodion botrys or associations, as listed in 
the (Brullo and Marcenò, n.d.; Brullo, Giusso del Giusso, et al., 2007). The alliance also did 
not receive wider acceptance, as it was proposed to be distributed in the whole Mediterranean 
(based on plots from Sicily) (Brullo and Marcenò, n.d.), but is not mentioned for Iberian 
Peninsula (Rivas-Martínez et al., 2001; Ninot et al., 2011) or France (Bardat et al., 2001; Noble 
and Baret, 2019). Additionally, in Ninot et al. (2011) they list an association Eragrostio 
majoris-Chenopodietum botryos brassicetosum fruticulosae (describing it as an association of 
vineyards and orchards on base-poor soils) under Diplotaxion erucoidis. The same association 
was classified to Chenopodion botrys in Brullo and Marcenò (1985). Finally, the decision 
remains to propose a unified alliance Diplotaxion erucoidis or to keep the two alliances 
separate. 
Tamarici ramosissimae-Salsolion australis Golub 1994: »Ruderal vegetation on disturbed sand 
dunes of the Northern Caspian Region« (Mucina et al., 2016). Tamarix ramosissima is missing 
from the final dataset, and Salsola australis is considered under Salsola tragus of Salsola kali 
agg., which occurs in several places. However, the name as well as the distinction of the 
alliance has been questioned (Lysenko and Mucina, 2015). It has been suggested it is actually 
the same as Euphorbion seguieranae from Artemisietea lerchianae, comprising Caspian 
vegetation of stabilized dunes (Mucina et al., 2016). Tamarici-Salsolion was originally 
classified in Artemisietea tschernievianae, a closely related class to Artemisietea lerchianae 
(Golub, 1995), which has been merged with Artemisietea lerchianae in Mucina et al. (2016), 
so effectively Tamarici-Salsolion could constitute a part of Artemisietea lerchianae in Mucina 
et al. (2016). For a clear cluster representing Artemisietea lerchianae see cluster number 16. 
The species of this cluster and the characteristic species of Euphorbion seguieranae (Golub, 
1995), are very similar (Poa bulbosa, Agropyron fragile, Alyssum turkestanicum), even though 
some are missing (Euphorbia seguierana and Helichrysum arenarium, both of which occur in 
various vegetation types, such as Salsolion, Eragrostion, Festuco-Brometea … ). We cannot 
confirm the existence of this alliance, either due to too few plots or because it is actually 
overlapping with other Artemisietea lerchianae alliances, as suggested by (Lysenko and 
Mucina, 2015). 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Annex E 
Chapter 1: Number of plots for the four main clusters according to two variables 
 
Frequency of plots in every main cluster according to categorical variables Biogeographical 
region and Disturbance type.  
 
Cluster nr.  Biogeographical region  Disturbance type 
  ALP ATL BOR CON MED PAN STE  CER ROW RUD 
1  93 93 0 444 2004 59 9  693 16 5 
2  913 1691 482 7940 169 1205 58  5866 2063 317 
3  57 362 0 366 3682 20 7  54 88 691 
4  473 1371 59 4315 1666 874 594  1344 722 2039 
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Annex F 
Chapter 1: The 100 clusters resulting from the first step of classification 
 
List of 100 clusters obtained in the first step of clustering analyses. Every cluster is presented 
by a sequence number, provisional syntaxon assignment (usually at the alliance level), number 
of vegetation plots (relevés) classified in the cluster, and a list of indicator species: The latter 
are grouped in three categories: diagnostic (phi coefficient > 0.10 for species with non-
significant occurrence concentration in the cluster after Fisher’s exact test - p < 0.001), 
constant (frequency in the cluster > 30 %) and dominant (frequency of plots in a cluster where 
the species reaches cover 25 %) (Chytrý et al., 2002; Chytrý and Tichý, 2003). 
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Cluster  1  
Caucalidion 
Number of relevés: 307  
 
Diagnostic species: Vicia pannonica 52.1, Lathyrus aphaca 28.1, Agrostemma githago 27.0, Bifora 
radians 25.7, Milium vernale 24.6, Vicia melanops 23.9, Consolida regalis 22.6, Ranunculus arvensis 
22.5, Vicia narbonensis 18.6, Lathyrus latifolius 18.1, Caucalis platycarpos 17.7, Rubus caesius 17.5, 
Myagrum perfoliatum 16.9, Lathyrus tuberosus 16.5, Adonis aestivalis 15.6, Lathyrus hirsutus 14.0, 
Tanacetum corymbosum 13.9, Sambucus ebulus 13.7, Turgenia latifolia 13.4, Melampyrum barbatum 
13.4, Rorippa austriaca 13.3, Lathyrus nissolia 13.0, Melampyrum arvense 12.7, Cyanus segetum 12.0, 
Lathyrus linifolius 11.9, Consolida orientalis 11.7, Trifolium vesiculosum 11.4, Pisum sativum 11.4, 
Filago lutescens 10.5  
Constant species: Convolvulus arvensis 80, Cirsium arvense 70, Vicia pannonica 63, Consolida regalis 
63, Ranunculus arvensis 60, Agrostemma githago 54, Cyanus segetum 52, Polygonum aviculare 
aggr. 51, Vicia sativa aggr. 50, Fallopia convolvulus 46, Papaver rhoeas 42, Sinapis arvensis 39, 
Anthemis arvensis 37, Lathyrus aphaca 36, Lathyrus tuberosus 35, Rubus caesius 32, Bifora radians 31  
Dominant species: Sinapis arvensis 5, Polygonum aviculare aggr. 5, Vicia sativa aggr. 2, Vicia 
pannonica 2, Ranunculus arvensis 2, Fallopia convolvulus 2, Cirsium arvense 2, Vicia villosa aggr. 1, 
Bifora radians 1  
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Cluster  2  
Caucalidion 
Number of relevés: 293  
 
Diagnostic species: Legousia speculum-veneris 42.3, Bunium bulbocastanum 38.8, Iberis pinnata 33.6, 
Ranunculus arvensis 30.4, Galium tricornutum 27.4, Thlaspi alliaceum 25.6, Orlaya daucoides 24.4, 
Euphorbia falcata 22.8, Anthemis triumfetti 22.6, Galeopsis angustifolia 22.0, Bifora radians 21.9, 
Adonis flammea 21.5, Adonis annua 21.3, Eranthis hyemalis 21.0, Knautia integrifolia 20.6, Scandix 
pecten-veneris 19.7, Ornithogalum pyramidale 19.7, Asperula arvensis 19.0, Ajuga chamaepitys 18.7, 
Valerianella rimosa 18.5, Centaurea scabiosa 17.9, Papaver rhoeas 17.7, Gladiolus italicus 17.1, 
Alopecurus myosuroides 17.0, Agrostemma githago 16.7, Thymelaea passerina 15.2, Cota altissima 
15.0, Anagallis foemina 14.8, Legousia hybrida 14.7, Poa compressa 14.6, Consolida regalis 14.0, 
Buglossoides arvensis 13.9, Rapistrum rugosum 13.6, Leopoldia comosa 13.6, Lolium multiflorum 13.5, 
Ficaria verna 13.3, Avena sterilis 13.3, Alyssum alyssoides 13.3, Bellevalia romana 13.1, Medicago 
falcata 12.8, Bupleurum lancifolium 12.8, Lathyrus ochrus 12.4, Bifora testiculata 12.4, Rhinanthus 
alectorolophus 12.2, Lolium temulentum 12.2, Symphytum tuberosum 12.1, Knautia arvensis aggr. 
12.0, Ornithogalum umbellatum aggr. 11.8, Valerianella coronata 11.5, Medicago sativa aggr. 11.5, 
Allium nigrum 11.5, Vicia sativa aggr. 11.4, Geranium dissectum 11.1, Silene vulgaris 10.9, Lathyrus 
annuus 10.7, Jacobaea erucifolia 10.7, Cota tinctoria 10.7, Clinopodium acinos 10.7, Lathyrus aphaca 
10.6, Triticum turgidum 10.4, Lactuca perennis 10.4, Androsace maxima 10.4, Avena fatua 10.3, 
Althaea hirsuta 10.3  
Constant species: Papaver rhoeas 86, Ranunculus arvensis 79, Legousia speculum-veneris 68, 
Convolvulus arvensis 65, Fallopia convolvulus 64, Vicia sativa aggr. 57, Galium tricornutum 57, 
Cirsium arvense 49, Polygonum aviculare aggr. 47, Scandix pecten-veneris 43, Consolida regalis 42, 
Buglossoides arvensis 42, Anagallis arvensis 41, Agrostemma githago 35, Veronica persica 33, Viola 
arvensis 32, Cyanus segetum 32, Alopecurus myosuroides 31  
Dominant species: Avena sterilis 8, Papaver rhoeas 4, Legousia speculum-veneris 4, Convolvulus 
arvensis 3, Cirsium arvense 3, Alopecurus myosuroides 3, Veronica persica 2, Lolium multiflorum 2, 
Fallopia convolvulus 2, Bifora radians 2, Viola arvensis 1, Veronica hederifolia aggr. 1, Rapistrum 
rugosum 1, Ranunculus arvensis 1, Poa trivialis 1, Galium aparine 1, Consolida regalis 1, Bupleurum 
rotundifolium 1  
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Cluster  3  
Caucalidion 
Number of relevés: 422  
 
Diagnostic species: Consolida phrygia 17.5, Euphorbia falcata 15.9, Nigella hispanica 15.5, Phleum 
exaratum 14.9, Papaver rhoeas 14.9, Centaurea collina 14.7, Kickxia spuria 14.5, Reseda phyteuma 
14.0, Anthemis oretana 13.7, Linaria supina 12.9, Cota coelopoda 12.8, Lolium rigidum 12.1, 
Polycnemum arvense 12.0, Rapistrum rugosum 11.7, Galium tricornutum 11.1, Centaurea solstitialis 
10.4  
Constant species: Papaver rhoeas 75, Convolvulus arvensis 64, Lolium rigidum 37, Polygonum 
aviculare aggr. 34, Anagallis arvensis 33, Cirsium arvense 32, Fallopia convolvulus 31  
Dominant species: Papaver rhoeas 4, Lolium rigidum 3, Vulpia myuros 1, Rapistrum rugosum 1, 
Anisantha diandra 1  
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Cluster  4  
Caucalidion 
Number of relevés: 84  
 
Diagnostic species: Avena sterilis 44.8, Moricandia arvensis 37.2, Lolium multiflorum 32.7, Alopecurus 
myosuroides 30.9, Adonis aestivalis 30.0, Phalaris truncata 28.4, Cota altissima 24.9, Papaver rhoeas 
20.5, Viola tricolor 20.0, Ranunculus arvensis 17.3, Stachys annua 17.0, Legousia speculum-veneris 
16.2, Knautia arvensis aggr. 15.7, Myagrum perfoliatum 15.0, Aphanes arvensis 15.0, Matricaria 
chamomilla 14.0, Bifora radians 13.3, Fumaria officinalis 12.7, Lactuca viminea 12.4, Poa trivialis 11.8  
Constant species: Papaver rhoeas 96, Avena sterilis 92, Polygonum aviculare aggr. 64, Alopecurus 
myosuroides 55, Lolium multiflorum 54, Ranunculus arvensis 48, Convolvulus arvensis 48, Vicia sativa 
aggr. 46, Matricaria chamomilla 45, Fallopia convolvulus 40, Adonis aestivalis 40, Aphanes arvensis 
39, Fumaria officinalis 38, Galium aparine 37, Anagallis arvensis 37, Viola tricolor 33, Stachys annua 
32, Moricandia arvensis 32  
Dominant species: Papaver rhoeas 32, Avena sterilis 13, Moricandia arvensis 8, Alopecurus 
myosuroides 7, Matricaria chamomilla 6, Vicia sativa aggr. 5, Viola tricolor 1, Polygonum aviculare 
aggr. 1, Poa trivialis 1, Legousia speculum-veneris 1, Fumaria officinalis 1, Bifora radians 1, Adonis 
aestivalis 1  
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Cluster  5  
Caucalidion 
Number of relevés: 317  
 
Diagnostic species: Galium tricornutum 35.9, Caucalis platycarpos 28.2, Coronilla scorpioides 27.0, 
Ranunculus arvensis 24.9, Iberis amara 23.7, Vaccaria hispanica 23.2, Neslia paniculata 23.1, Vicia 
peregrina 22.9, Buglossoides arvensis 22.6, Nigella hispanica 22.3, Androsace maxima 21.3, Scandix 
pecten-veneris 21.0, Asperula arvensis 20.7, Consolida pubescens 20.3, Conringia orientalis 20.0, 
Bupleurum rotundifolium 20.0, Turgenia latifolia 19.6, Centaurea scabiosa 18.9, Adonis flammea 18.1, 
Rhinanthus mediterraneus 17.2, Silene vulgaris 17.1, Euphorbia serrata 17.0, Camelina microcarpa 
16.7, Roemeria hybrida 16.3, Papaver rhoeas 16.1, Silene conoidea 15.7, Reseda phyteuma 15.6, 
Lolium rigidum 15.1, Medicago sativa aggr. 14.6, Erucastrum nasturtiifolium 14.5, Fumaria parviflora 
14.4, Alyssum alyssoides 14.2, Anchusa azurea 14.1, Papaver hybridum 14.0, Torilis leptophylla 13.8, 
Rapistrum rugosum 13.4, Hypecoum imberbe 13.0, Lathyrus cicera 12.6, Vicia sativa aggr. 12.1, 
Lathyrus aphaca 12.1, Echinaria capitata 11.9, Filago pyramidata 11.5, Legousia hybrida 11.4, Senecio 
gallicus 11.3, Delphinium verdunense 11.3, Chaenorhinum rubrifolium 11.2, Bupleurum virgatum 11.2, 
Adonis microcarpa 10.8, Anacyclus clavatus 10.7, Vicia narbonensis 10.5, Consolida orientalis 10.5, 
Fumaria vaillantii 10.4, Veronica hederifolia aggr. 10.3, Agrostemma githago 10.2  
Constant species: Papaver rhoeas 79, Galium tricornutum 74, Convolvulus arvensis 73, Ranunculus 
arvensis 66, Buglossoides arvensis 64, Vicia sativa aggr. 59, Cirsium arvense 53, Polygonum aviculare 
aggr. 47, Scandix pecten-veneris 45, Neslia paniculata 45, Lolium rigidum 44, Caucalis platycarpos 44, 
Veronica hederifolia aggr. 37, Coronilla scorpioides 37, Fallopia convolvulus 36, Silene vulgaris 35, 
Lamium amplexicaule 32  
Dominant species: Veronica hederifolia aggr. 6, Papaver rhoeas 5, Lolium rigidum 4, Vicia sativa aggr. 
3, Ranunculus arvensis 3, Galium tricornutum 3, Cyanus segetum 3, Turgenia latifolia 2, Caucalis 
platycarpos 2, Bifora radians 2, Veronica triphyllos 1, Vaccaria hispanica 1, Torilis leptophylla 1, 
Scandix pecten-veneris 1, Polygonum aviculare aggr. 1, Fallopia convolvulus 1, Chenopodium album 1, 
Anacyclus clavatus 1  
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Cluster  6  
Caucalidion 
Number of relevés: 388  
 
Diagnostic species: Consolida regalis 25.4, Papaver rhoeas 16.3, Silene noctiflora 14.9, Adonis 
aestivalis 13.7, Sinapis arvensis 11.4, Euphorbia exigua 10.2  
Constant species: Papaver rhoeas 80, Consolida regalis 70, Polygonum aviculare aggr. 63, Viola 
arvensis 57, Fallopia convolvulus 53, Convolvulus arvensis 51, Anagallis arvensis 48, Chenopodium 
album 46, Cirsium arvense 45, Sinapis arvensis 44, Galium aparine 43, Elytrigia repens 40, Stellaria 
media aggr. 37, Cyanus segetum 37, Capsella bursa-pastoris 34, Veronica persica 32, 
Tripleurospermum inodorum 32, Veronica hederifolia aggr. 31  
Dominant species: Papaver rhoeas 6, Consolida regalis 4, Sinapis arvensis 3, Viola arvensis 2, 
Tripleurospermum inodorum 2, Camelina sativa 2, Apera spica-venti 2, Secale cereale 1, Cyanus 
segetum 1, Arenaria serpyllifolia aggr. 1  
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Cluster  7  
Caucalidion 
Number of relevés: 358  
 
Diagnostic species: Euphorbia exigua 32.8, Silene noctiflora 30.3, Aethusa cynapium 25.6, Lathyrus 
tuberosus 23.3, Campanula rapunculoides 21.2, Avena fatua 18.7, Sinapis arvensis 18.6, Microrrhinum 
minus 18.4, Bromus grossus 17.6, Consolida regalis 17.3, Anagallis arvensis 16.5, Medicago lupulina 
15.0, Kickxia spuria 15.0, Veronica polita 14.5, Kickxia elatine 14.3, Falcaria vulgaris 13.9, Polygonum 
rurivagum 13.8, Anagallis foemina 13.8, Adonis aestivalis 13.6, Viola arvensis 13.3, Fallopia 
convolvulus 13.3, Teucrium botrys 13.0, Sherardia arvensis 12.9, Consolida hispanica 12.9, Knautia 
arvensis aggr. 12.4, Valerianella dentata 12.3, Stachys annua 12.1, Galium spurium 11.4, Euphorbia 
helioscopia 11.4, Melampyrum arvense 11.1, Linaria vulgaris 10.9, Veronica persica 10.2  
Constant species: Fallopia convolvulus 84, Anagallis arvensis 80, Viola arvensis 74, Convolvulus 
arvensis 74, Polygonum aviculare aggr. 70, Cirsium arvense 70, Sinapis arvensis 65, Euphorbia 
exigua 64, Chenopodium album 58, Papaver rhoeas 55, Elytrigia repens 54, Veronica persica 51, 
Consolida regalis 50, Stellaria media aggr. 49, Silene noctiflora 47, Medicago lupulina 47, Lathyrus 
tuberosus 47, Galium aparine 47, Euphorbia helioscopia 46, Myosotis arvensis 44, Avena fatua 41, 
Tripleurospermum inodorum 40, Aethusa cynapium 39, Sonchus arvensis 37, Capsella bursa-pastoris 
36, Sherardia arvensis 35, Sonchus asper 34, Veronica polita 32, Thlaspi arvense 32, Taraxacum sect. 
Taraxacum 32, Plantago major 32, Cyanus segetum 31, Arenaria serpyllifolia aggr. 31  
Dominant species: Sinapis arvensis 5, Galium aparine 4, Convolvulus arvensis 4, Consolida regalis 4, 
Tripleurospermum inodorum 3, Euphorbia exigua 3, Elytrigia repens 3, Chenopodium album 3, Avena 
fatua 3, Stellaria media aggr. 2, Taraxacum sect. Taraxacum 1, Stachys annua 1, Setaria pumila 1, 
Lathyrus tuberosus 1, Kickxia spuria 1, Apera spica-venti 1  
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Cluster  8  
Caucalidion + Oxalidion 
Number of relevés: 178  
 
Diagnostic species: Mentha longifolia 34.1, Salvia verticillata 32.9, Rubus caesius 26.1, Lathyrus 
tuberosus 22.2, Rhinanthus minor 19.7, Calystegia sepium 18.7, Consolida regalis 17.3, Rorippa 
sylvestris 17.2, Galium aparine 17.0, Bifora radians 16.9, Ranunculus arvensis 15.8, Euphorbia 
platyphyllos 15.4, Scutellaria hastifolia 14.2, Fallopia convolvulus 13.7, Symphytum officinale aggr. 
13.1, Potentilla reptans 12.9, Galeopsis tetrahit 12.6, Cirsium arvense 12.6, Viola arvensis 12.4, 
Sonchus arvensis 12.3, Avena fatua 12.2, Trifolium patens 11.8, Noccaea kovatsii 11.7, Elytrigia repens 
11.5, Mentha arvensis 11.4, Lathyrus aphaca 11.3, Stachys annua 10.0  
Constant species: Fallopia convolvulus 86, Cirsium arvense 82, Galium aparine 78, Convolvulus 
arvensis 76, Chenopodium album 75, Elytrigia repens 72, Polygonum aviculare aggr. 71, Viola 
arvensis 70, Consolida regalis 50, Rubus caesius 47, Sonchus arvensis 46, Lathyrus tuberosus 46, 
Anagallis arvensis 46, Ranunculus arvensis 44, Calystegia sepium 40, Mentha longifolia 38, Galeopsis 
tetrahit 38, Papaver rhoeas 35, Rorippa sylvestris 34, Mentha arvensis 34, Persicaria maculosa 33, 
Myosotis arvensis 33, Sonchus oleraceus 31  
Dominant species: Fallopia convolvulus 13, Galium aparine 8, Galeopsis tetrahit 7, Polygonum 
aviculare aggr. 6, Consolida regalis 4, Avena fatua 4, Persicaria lapathifolia 3, Cirsium arvense 3, 
Chenopodium album 3, Viola arvensis 2, Sonchus oleraceus 2, Rubus caesius 2, Elytrigia repens 2, 
Convolvulus arvensis 2, Myosotis arvensis 1, Lathyrus tuberosus 1, Galinsoga parviflora 1, Ambrosia 
artemisiifolia 1  
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Cluster  9  
Caucalidion 
Number of relevés: 293  
 
Diagnostic species: Cota austriaca 61.5, Camelina microcarpa 35.9, Ambrosia artemisiifolia 34.2, 
Consolida regalis 29.1, Descurainia sophia 23.1, Vicia grandiflora 21.8, Melampyrum barbatum 20.4, 
Papaver rhoeas 20.0, Anthemis ruthenica 17.3, Apera spica-venti 17.1, Lactuca serriola 15.5, Arenaria 
serpyllifolia aggr. 15.5, Lathyrus tuberosus 15.3, Veronica polita 15.0, Veronica hederifolia aggr. 14.6, 
Veronica praecox 14.3, Viola arvensis 14.2, Lamium amplexicaule 13.7, Galium aparine 13.5, 
Tripleurospermum inodorum 13.2, Lepidium draba 13.2, Adonis aestivalis 13.2, Veronica triphyllos 
13.1, Cannabis sativa 12.5, Vicia villosa aggr. 12.1, Buglossoides arvensis 12.1, Elytrigia repens 12.0, 
Sisymbrium orientale 11.6, Anisantha sterilis 11.5, Holosteum umbellatum 11.3, Nonea pulla 11.1, 
Silene latifolia 11.0, Anthriscus cerefolium 10.4, Carduus acanthoides 10.2, Capsella bursa-pastoris 
10.1, Agrostemma githago 10.1  
Constant species: Papaver rhoeas 94, Cota austriaca 81, Consolida regalis 80, Viola arvensis 78, 
Capsella bursa-pastoris 75, Elytrigia repens 74, Convolvulus arvensis 74, Ambrosia artemisiifolia 74, 
Stellaria media aggr. 73, Galium aparine 65, Fallopia convolvulus 65, Apera spica-venti 64, 
Tripleurospermum inodorum 62, Chenopodium album 61, Polygonum aviculare aggr. 59, Camelina 
microcarpa 59, Cirsium arvense 57, Descurainia sophia 55, Lamium amplexicaule 52, Veronica 
hederifolia aggr. 49, Lactuca serriola 48, Arenaria serpyllifolia aggr. 46, Veronica persica 41, Cyanus 
segetum 41, Buglossoides arvensis 38, Anisantha sterilis 34, Veronica polita 33, Lathyrus tuberosus 32, 
Erigeron canadensis 32, Artemisia vulgaris aggr. 32  
Dominant species: Cota austriaca 39, Papaver rhoeas 16, Descurainia sophia 6, Anthemis ruthenica 6, 
Consolida regalis 5, Stellaria media aggr. 3, Cyanus segetum 3, Ambrosia artemisiifolia 3, Alopecurus 
myosuroides 2, Sinapis arvensis 1, Scleranthus annuus 1, Galium aparine 1, Caucalis platycarpos 1, 
Capsella bursa-pastoris 1, Camelina microcarpa 1  
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Cluster  10  
Roemerion hybridae 
Number of relevés: 562  
 
Diagnostic species: Roemeria hybrida 73.6, Hypecoum pendulum 60.4, Hypecoum imberbe 59.0, 
Sisymbrium crassifolium 53.4, Biscutella auriculata 52.7, Adonis microcarpa 49.8, Vicia monantha 
48.4, Vicia peregrina 43.7, Vaccaria hispanica 42.5, Euphorbia serrata 42.1, Linaria hirta 41.0, Fumaria 
parviflora 38.2, Fumaria densiflora 36.1, Silene conoidea 35.3, Eruca vesicaria 35.1, Galium 
tricornutum 34.1, Glaucium corniculatum 33.3, Camelina microcarpa 32.1, Coronilla scorpioides 31.6, 
Anacyclus clavatus 30.4, Neslia paniculata 30.3, Caucalis platycarpos 29.9, Conringia orientalis 27.3, 
Anchusa azurea 26.6, Strigosella africana 26.3, Lolium rigidum 26.1, Papaver hybridum 25.9, 
Buglossoides arvensis 25.9, Rapistrum rugosum 24.9, Alyssum simplex 24.1, Lathyrus cicera 23.9, 
Silene muscipula 22.5, Cyanus depressus 22.1, Asperula arvensis 21.9, Scandix pecten-veneris 20.8, 
Turgenia latifolia 19.7, Medicago polyceratia 19.5, Nonea micrantha 19.3, Papaver rhoeas 18.7, Silene 
vulgaris 18.2, Veronica praecox 16.8, Podospermum laciniatum 16.2, Echinaria capitata 15.4, 
Sisymbrium orientale 15.1, Linaria micrantha 15.1, Cerastium perfoliatum 14.8, Taraxacum sect. 
Obovata 14.4, Muscari neglectum 14.3, Fumaria vaillantii 13.9, Cerastium dichotomum 13.4, 
Androsace maxima 13.4, Filago pyramidata 12.9, Diplotaxis virgata 12.6, Micropus supinus 12.4, 
Reseda phyteuma 12.1, Melilotus sulcatus 12.1, Ceratocephala falcata 11.2, Fumaria officinalis 10.5, 
Sisymbrium runcinatum 10.3, Eryngium campestre 10.2  
Constant species: Papaver rhoeas 90, Roemeria hybrida 86, Hypecoum imberbe 73, Lolium rigidum 
72, Buglossoides arvensis 72, Galium tricornutum 70, Convolvulus arvensis 66, Biscutella auriculata 
62, Anacyclus clavatus 61, Euphorbia serrata 59, Neslia paniculata 58, Fumaria parviflora 56, 
Camelina microcarpa 53, Vicia sativa aggr. 50, Vaccaria hispanica 49, Hypecoum pendulum 48, 
Caucalis platycarpos 47, Rapistrum rugosum 46, Vicia peregrina 45, Scandix pecten-veneris 45, 
Papaver hybridum 44, Coronilla scorpioides 43, Polygonum aviculare aggr. 42, Sisymbrium crassifolium 
41, Eruca vesicaria 41, Lamium amplexicaule 40, Silene vulgaris 37, Veronica hederifolia aggr. 35, 
Adonis microcarpa 35, Fumaria officinalis 33, Anchusa azurea 32  
Dominant species: Hypecoum imberbe 13, Papaver rhoeas 12, Roemeria hybrida 4, Rapistrum rugosum 
2, Lolium rigidum 2, Galium tricornutum 2, Eruca vesicaria 2, Vicia sativa aggr. 1, Scandix pecten-
veneris 1, Fumaria densiflora 1, Caucalis platycarpos 1, Biscutella auriculata 1  
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Cluster  11  
Hordeion murini 
Number of relevés: 261  
 
Diagnostic species: Malva multiflora 32.0, Piptatherum miliaceum 27.5, Glebionis coronaria 25.2, 
Galactites tomentosus 17.1, Bituminaria bituminosa 16.2, Oxalis pes-caprae 15.7, Crepis commutata 
15.1, Achyranthes sicula 14.9, Avena barbata 14.6, Echinops spinosissimus 14.1, Bidens pilosus 14.0, 
Iberis linifolia 13.8, Lupinus pilosus 13.1, Carduus pycnocephalus 12.9, Erodium gruinum 12.6, 
Hordeum bulbosum 12.3, Cyclospermum leptophyllum 12.3, Urospermum picroides 12.1, Lotus 
ornithopodioides 12.0, Echium angustifolium 12.0, Hordeum murinum aggr. 11.7, Acanthus spinosus 
11.7, Sinapis alba 11.6, Reseda alba 11.4, Avena sterilis 11.3, Malva sylvestris 11.2, Tropaeolum majus 
11.0, Tragopogon porrifolius 11.0, Securigera securidaca 10.8, Foeniculum vulgare 10.6  
Constant species: Hordeum murinum aggr. 44, Sonchus oleraceus 40, Malva multiflora 39, Avena 
barbata 35, Piptatherum miliaceum 34  
Dominant species: Malva multiflora 15, Glebionis coronaria 12, Galactites tomentosus 4, Sisymbrium 
irio 3, Piptatherum miliaceum 3, Oxalis pes-caprae 3, Chenopodiastrum murale 3, Carduus 
pycnocephalus 3, Avena sterilis 3, Anisantha diandra 3, Lepidium draba 2, Hordeum murinum aggr. 2, 
Galium aparine 2, Bidens pilosus 2, Avena barbata 2, Vicia hybrida 1, Smyrnium perfoliatum 1, Sinapis 
alba 1, Onopordum bracteatum subsp. creticum 1, Ochlopoa annua 1, Malva sylvestris 1, Lupinus 
pilosus 1, Hirschfeldia incana 1, Dasypyrum villosum 1, Crepis commutata 1  
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Cluster  12  
Allion triquetri 
Number of relevés: 130  
 
Diagnostic species: Smyrnium olusatrum 56.7, Parietaria judaica 48.9, Urtica membranacea 48.3, 
Ficus carica 20.6, Melissa officinalis 19.5, Scrophularia peregrina 19.2, Acanthus mollis 18.5, Arum 
concinnatum 16.3, Hyoscyamus albus 14.5, Centaurea seridis 13.5, Oxalis pes-caprae 13.4, 
Staphisagria macrosperma 13.3, Melilotus italicus 13.0, Cymbalaria muralis 12.8, Mercurialis annua 
12.2, Malva multiflora 11.7, Achyranthes sicula 10.8, Malva arborea 10.7, Veronica cymbalaria 10.5  
Constant species: Parietaria judaica 64, Galium aparine 47, Urtica membranacea 42, Sonchus 
oleraceus 39, Smyrnium olusatrum 38  
Dominant species: Smyrnium olusatrum 30, Parietaria judaica 28, Urtica membranacea 18, Acanthus 
mollis 4, Oxalis pes-caprae 2, Geranium molle 2, Fumaria officinalis 2, Erodium malacoides 2, 
Chenopodiastrum murale 2  
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Cluster  13  
Veronico-Urticion 
Number of relevés: 132  
 
Diagnostic species: Oxalis pes-caprae 48.6, Ceratochloa cathartica 22.5, Fumaria capreolata 19.5, 
Lepidium didymum 19.0, Citrus sinensis 17.3, Fumaria macrosepala 16.4, Ranunculus trilobus 15.8, 
Diplotaxis erucoides 15.6, Parietaria judaica 15.4, Euphorbia peplus 15.2, Phelipanche ramosa 15.0, 
Euphorbia lagascae 15.0, Malva parviflora 14.3, Urtica urens 13.7, Fumaria parviflora 13.6, Malva 
multiflora 12.8, Allium roseum 12.8, Mercurialis annua 12.7, Rostraria pumila 12.6, Emex spinosa 12.3, 
Ochlopoa annua 10.9, Linaria viscosa 10.8, Sonchus oleraceus 10.4, Scrophularia peregrina 10.1  
Constant species: Oxalis pes-caprae 65, Ochlopoa annua 57, Sonchus oleraceus 54, Senecio vulgaris 
36, Stellaria media aggr. 33, Euphorbia peplus 33, Urtica urens 31, Mercurialis annua 31, Lamium 
amplexicaule 31, Convolvulus arvensis 31  
Dominant species: Oxalis pes-caprae 50, Ochlopoa annua 9, Diplotaxis erucoides 5, Urtica urens 4, 
Stellaria media aggr. 3, Mercurialis annua 3, Lepidium draba 3, Veronica persica 2, Scrophularia 
peregrina 2, Ranunculus trilobus 2, Parietaria judaica 2, Hordeum murinum aggr. 2, Galium aparine 2, 
Fumaria parviflora 2, Fumaria capreolata 2, Cynodon dactylon 2, Chenopodium album 2, Capsella 
bursa-pastoris 2, Anisantha diandra 2  
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Cluster  14  
Diplotaxion erucoidis/Fumarion wirtgenii-agrariae 
Number of relevés: 246  
 
Diagnostic species: Diplotaxis erucoides 49.0, Sonchus tenerrimus 30.3, Plantago albicans 26.9, 
Carrichtera annua 25.9, Euphorbia serrata 25.3, Centaurea aspera 23.3, Euphorbia segetalis 23.2, 
Silene diversifolia 20.9, Mauranthemum paludosum 20.7, Calendula arvensis 19.9, Erucaria hispanica 
17.0, Diplotaxis viminea 16.6, Erucastrum nasturtiifolium 16.3, Fumaria parviflora 16.1, Asphodelus 
fistulosus 15.8, Calendula tripterocarpa 15.3, Lobularia maritima 15.1, Prunus dulcis 15.0, Pallenis 
spinosa 15.0, Lolium rigidum 14.8, Aizoanthemopsis hispanica 14.5, Silene nocturna 14.4, Centaurea 
melitensis 14.1, Anisantha rubens 13.9, Moricandia arvensis 13.6, Convolvulus althaeoides 13.3, 
Misopates orontium 13.2, Eragrostis barrelieri 13.0, Fumaria agraria 12.4, Muscari neglectum 12.3, 
Beta macrocarpa 12.3, Emex spinosa 11.5, Erodium malacoides 11.3, Anacyclus valentinus 11.2, 
Spergularia nicaeensis 11.0, Filago pyramidata 10.5, Sonchus oleraceus 10.3, Reseda phyteuma 10.3, 
Matthiola lunata 10.3, Eruca vesicaria 10.3, Papaver hybridum 10.1  
Constant species: Diplotaxis erucoides 74, Convolvulus arvensis 67, Sonchus oleraceus 53, Calendula 
arvensis 44, Lolium rigidum 43, Sonchus tenerrimus 42, Euphorbia serrata 37, Anagallis arvensis 35, 
Chenopodium album 34, Hordeum murinum aggr. 32  
Dominant species: Diplotaxis erucoides 34, Oxalis pes-caprae 4, Salsola kali aggr. 2, Papaver hybridum 
2, Olea europaea 2, Mauranthemum paludosum 2, Lolium rigidum 2, Euphorbia segetalis 2, Erucaria 
hispanica 2, Convolvulus arvensis 2, Calendula arvensis 2, Rapistrum rugosum 1, Prunus dulcis 1, 
Lepidium draba 1, Hordeum murinum aggr. 1, Fumaria parviflora 1, Erucastrum nasturtiifolium 1, 
Diplotaxis virgata 1, Amaranthus blitoides 1  
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Cluster  15  
Hordeion murini 
Number of relevés: 230  
 
Diagnostic species: Carduus bourgeanus 30.1, Anacyclus radiatus 29.9, Plantago lagopus 29.5, 
Hordeum murinum aggr. 29.3, Malva multiflora 19.3, Crepis vesicaria 19.0, Anacyclus clavatus 19.0, 
Bromus scoparius 18.3, Asphodelus fistulosus 18.0, Anisantha madritensis 17.8, Lamarckia aurea 17.4, 
Vulpia geniculata 16.9, Echium plantagineum 16.7, Medicago polymorpha 16.1, Anacyclus valentinus 
15.9, Foeniculum vulgare 15.6, Glebionis coronaria 15.2, Anisantha rubens 15.0, Anisantha rigida 14.8, 
Beta vulgaris 14.6, Hedypnois rhagadioloides 13.8, Cichorium endivia 13.4, Lolium rigidum 13.2, Salvia 
verbenaca 13.1, Rostraria cristata 12.8, Plantago coronopus 12.7, Convolvulus althaeoides 12.6, 
Silybum marianum 12.3, Erodium chium 12.1, Erodium malacoides 11.3, Sonchus tenerrimus 11.1, 
Medicago doliata 11.1, Anisantha diandra 11.1, Sisymbrium runcinatum 10.8, Andryala laxiflora 10.8, 
Piptatherum miliaceum 10.7, Aegilops geniculata 10.6, Centaurea calcitrapa 10.5, Cladanthus mixtus 
10.2, Calendula arvensis 10.1, Astragalus hamosus 10.1  
Constant species: Hordeum murinum aggr. 95, Plantago lagopus 46, Lolium rigidum 40, Anacyclus 
clavatus 40, Papaver rhoeas 35, Anisantha madritensis 35, Medicago polymorpha 33  
Dominant species: Hordeum murinum aggr. 53, Anacyclus radiatus 15, Glebionis coronaria 11, Papaver 
rhoeas 9, Anacyclus clavatus 6, Anisantha madritensis 3, Plantago lagopus 2, Anisantha diandra 2, 
Anacyclus valentinus 2, Hirschfeldia incana 1  
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Cluster  16  
Transition 
Number of relevés: 277  
 
Diagnostic species: Artemisia herba-alba 31.3, Cytisus proliferus 23.6, Salsola vermiculata 22.6, Eruca 
vesicaria 21.8, Malva parviflora 21.5, Calendula arvensis 20.9, Ifloga spicata 19.2, Asphodelus 
fistulosus 18.8, Spergularia diandra 18.6, Patellifolia procumbens 18.0, Plantago albicans 16.2, 
Atractylis humilis 15.8, Zygophyllum fabago 15.6, Aizoon canariense 15.6, Genista scorpius 15.3, 
Marrubium alysson 15.2, Bupleurum semicompositum 14.7, Diplotaxis virgata 14.5, 
Mesembryanthemum crystallinum 14.2, Anisantha rubens 13.9, Reichardia tingitana 13.7, Launaea 
nudicaulis 13.7, Anacyclus clavatus 13.3, Echium bonnetii 13.0, Atriplex glauca 13.0, Reseda crystallina 
12.9, Convolvulus lineatus 12.9, Hordeum murinum aggr. 12.8, Senecio incrassatus 12.4, Erodium 
chium 12.1, Mairetis microsperma 12.0, Heliotropium curassavicum 11.9, Frankenia pulverulenta 11.7, 
Erodium moschatum 11.6, Diplotaxis siifolia 11.2, Diplotaxis catholica 11.0, Sisymbrium erysimoides 
10.8, Carduus tenuiflorus 10.8, Stipa parviflora 10.6, Arenaria hispanica 10.6, Helianthemum syriacum 
10.5, Camphorosma monspeliaca 10.5, Cuscuta planiflora 10.2, Sisymbrium irio 10.1, Filago congesta 
10.1, Chamaemelum fuscatum 10.1  
Constant species: Hordeum murinum aggr. 47, Calendula arvensis 46, Malva parviflora 32  
Dominant species: Eruca vesicaria 14, Diplotaxis virgata 8, Malva parviflora 7, Hordeum murinum 
aggr. 5, Diplotaxis catholica 4, Cytisus proliferus 4, Chamaemelum fuscatum 4, Artemisia herba-alba 
3, Sisymbrium irio 2, Sinapis alba 2, Patellifolia procumbens 2, Calendula arvensis 2, Anacyclus radiatus 
2, Anacyclus clavatus 2, Urtica urens 1, Sisymbrium erysimoides 1, Mesembryanthemum crystallinum 
1, Malva multiflora 1, Launaea nudicaulis 1, Ferula communis 1, Chenopodiastrum murale 1, 
Camphorosma monspeliaca 1, Biscutella auriculata 1, Asphodelus fistulosus 1, Aizoon canariense 1  
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Cluster  17  
Hordeion murini 
Number of relevés: 317  
 
Diagnostic species: Sisymbrium polyceratium 38.6, Onopordum illyricum 35.0, Urtica pilulifera 27.7, 
Marrubium peregrinum 26.9, Rumex pulcher 26.4, Carduus pycnocephalus 24.6, Malva sylvestris 22.7, 
Rostraria cristata 22.2, Hordeum murinum aggr. 21.9, Capsella rubella 21.5, Scolymus hispanicus 18.5, 
Malva nicaeensis 17.4, Achillea coarctata 16.1, Peganum harmala 15.7, Plumbago europaea 15.4, 
Ecballium elaterium 15.3, Sisymbrium officinale 15.2, Centaurea solstitialis 14.5, Torilis nodosa 13.9, 
Diplotaxis tenuifolia 13.8, Picnomon acarna 13.0, Silybum marianum 12.8, Centaurea calcitrapa 12.6, 
Verbascum undulatum 12.5, Arum creticum 12.5, Ballota nigra 12.1, Hyoscyamus albus 11.8, 
Marrubium vulgare 11.7, Geranium rotundifolium 11.3, Bupleurum apiculatum 10.1, Anisantha 
madritensis 10.1  
Constant species: Hordeum murinum aggr. 74, Malva sylvestris 44, Rumex pulcher 41, Sisymbrium 
officinale 37, Rostraria cristata 37, Carduus pycnocephalus 32  
Dominant species: Hordeum murinum aggr. 16, Urtica pilulifera 8, Silybum marianum 7, Marrubium 
peregrinum 6, Sisymbrium polyceratium 5, Picnomon acarna 4, Peganum harmala 4, Carduus 
tenuiflorus 3, Asteriscus aquaticus 3, Sambucus ebulus 2, Malva sylvestris 2, Ecballium elaterium 2, 
Ballota nigra 2, Urtica urens 1, Onopordum illyricum 1, Onopordum acanthium 1, Cynodon dactylon 1, 
Anisantha madritensis 1  
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Cluster  18  
Malvenion parviflorae [Chenopodion muralis] 
Number of relevés: 95  
 
Diagnostic species: Sisymbrium irio 67.6, Malva parviflora 49.0, Urtica urens 19.3, Hordeum murinum 
aggr. 19.1, Sisymbrium orientale 17.4, Chenopodiastrum murale 13.5, Sisymbrium runcinatum 12.2, 
Anacyclus clavatus 12.0, Malva sylvestris 11.0, Anacyclus valentinus 10.8, Erodium ciconium 10.4, 
Malva nicaeensis 10.1  
Constant species: Sisymbrium irio 99, Malva parviflora 71, Hordeum murinum aggr. 65, Capsella 
bursa-pastoris 48, Urtica urens 42, Senecio vulgaris 31  
Dominant species: Sisymbrium irio 59, Malva parviflora 25, Malva neglecta 3, Urtica urens 2, Malva 
nicaeensis 2, Erodium malacoides 2, Sisymbrium runcinatum 1, Sisymbrium orientale 1, Polygonum 
aviculare aggr. 1, Hordeum murinum aggr. 1, Emex spinosa 1, Descurainia sophia 1, Chenopodium 
album 1, Chenopodiastrum murale 1  
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Cluster  19  
Ridolfion segeti 
Number of relevés: 181  
 
Diagnostic species: Bifora testiculata 43.4, Gladiolus italicus 42.9, Bunium ferulaceum 40.5, Veronica 
glauca 40.3, Rhagadiolus stellatus 40.3, Scandix pecten-veneris 38.5, Legousia hybrida 38.2, Papaver 
nigrotinctum 32.3, Allium nigrum 32.1, Phalaris paradoxa 31.8, Leopoldia comosa 31.4, Valerianella 
echinata 31.0, Crepis rubra 27.8, Galium verrucosum 26.1, Valerianella orientalis 25.6, Tulipa 
orphanidea 25.6, Geranium tuberosum 25.6, Consolida ajacis 25.5, Medicago scutellata 25.2, Phalaris 
brachystachys 24.6, Bupleurum odontites 24.5, Galium tricornutum 24.4, Ridolfia segetum 23.8, 
Medicago polymorpha 23.7, Anemone coronaria 23.5, Leontice leontopetalum 23.3, Linaria triphylla 
23.0, Papaver hybridum 22.6, Noccaea perfoliata 22.5, Silene fuscata 22.2, Lolium rigidum 22.0, 
Bellevalia ciliata 21.7, Sherardia arvensis 21.0, Silene vulgaris 20.6, Ficaria verna 20.1, Daucus aureus 
19.6, Anthemis chia 19.3, Trifolium lucanicum 18.6, Ornithogalum montanum 18.4, Tulipa agenensis 
18.1, Melilotus infestus 18.1, Crepis hellenica subsp. hellenica 18.1, Torilis leptophylla 17.9, Trigonella 
foenum-graecum 17.7, Allium trifoliatum 17.7, Campanula ramosissima 17.4, Hypericum 
triquetrifolium 16.6, Trifolium clypeatum 16.5, Ranunculus marginatus 16.5, Ornithogalum pyramidale 
16.5, Euphorbia apios 16.5, Anthemis peregrina subsp. heracleotica 16.5, Linaria chalepensis 16.4, 
Valerianella vesicaria 16.3, Ornithogalum narbonense 16.3, Avena sterilis 16.3, Lolium temulentum 
16.2, Scandix australis 16.0, Rapistrum rugosum 16.0, Cerastium dichotomum 16.0, Bromus alopecuros 
15.8, Lathyrus aphaca 15.7, Aegilops comosa 15.2, Malcolmia graeca 14.8, Ficaria calthifolia 14.8, 
Coronilla scorpioides 14.8, Calendula arvensis 14.8, Papaver rhoeas 14.5, Ornithogalum nutans 14.4, 
Linaria reflexa 14.4, Glebionis segetum 14.4, Hirschfeldia incana 14.3, Bupleurum lancifolium 14.2, 
Vicia lutea 14.1, Vicia hybrida 13.7, Medicago turbinata 13.4, Allium neapolitanum 13.3, 
Helminthotheca echioides 13.2, Alyssum simplex 13.2, Anchusa azurea 13.1, Tordylium officinale 12.8, 
Lathyrus ochrus 12.8, Aegilops biuncialis 12.8, Ranunculus arvensis 12.7, Ammi majus 12.6, Neslia 
paniculata 12.5, Onobrychis aequidentata 12.4, Asperula arvensis 12.3, Lotus tetragonolobus 12.2, 
Alopecurus rendlei 12.0, Adonis annua 12.0, Rumex thyrsoides 11.9, Scolymus maculatus 11.8, 
Ranunculus gracilis 11.8, Crepis commutata 11.8, Caucalis platycarpos 11.8, Lathyrus cicera 11.7, 
Avena sativa 11.6, Torilis nodosa 11.4, Medicago rugosa 11.4, Geropogon hybridus 11.3, Hedypnois 
rhagadioloides 11.1, Ranunculus sprunerianus 11.0, Adonis flammea 11.0, Silene behen 10.8, Vicia 
sativa aggr. 10.6, Legousia speculum-veneris 10.6, Hordeum vulgare 10.6, Glebionis coronaria 10.2, 
Eryngium campestre 10.2, Hippocrepis unisiliquosa 10.1, Filago pyramidata 10.1, Crepis zacintha 10.1, 
Anagallis arvensis 10.1  
Constant species: Scandix pecten-veneris 80, Papaver rhoeas 73, Lolium rigidum 61, Anagallis 
arvensis 56, Vicia sativa aggr. 54, Sherardia arvensis 54, Leopoldia comosa 52, Galium tricornutum 
51, Convolvulus arvensis 50, Medicago polymorpha 48, Gladiolus italicus 47, Rhagadiolus stellatus 45, 
Silene vulgaris 41, Papaver hybridum 39, Lamium amplexicaule 39, Bifora testiculata 38, Ranunculus 
arvensis 36, Legousia hybrida 36, Avena sterilis 36, Sinapis arvensis 35, Sonchus oleraceus 34, 
Calendula arvensis 34, Raphanus raphanistrum 32  
Dominant species: Vicia sativa aggr. 8, Ridolfia segetum 4, Sinapis arvensis 3, Scandix pecten-veneris 
3, Galium verrucosum 3, Avena sterilis 3, Rapistrum rugosum 2, Raphanus raphanistrum 2, Oxalis pes-
caprae 2, Medicago polymorpha 2, Glebionis segetum 2, Papaver rhoeas 1, Lolium rigidum 1, Calendula 
arvensis 1  
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Cluster  20  
Cerintho-Fedion 
Number of relevés: 201  
 
Diagnostic species: Fedia cornucopiae 64.8, Centaurea pullata 56.1, Arenaria purpurascens 41.9, 
Hedysarum coronarium 38.9, Lotus tetragonolobus 37.4, Glossopappus macrotus 36.1, Nonea 
vesicaria 34.9, Otospermum glabrum 34.8, Reichardia intermedia 34.2, Diplotaxis virgata 34.0, 
Convolvulus tricolor 31.4, Silene diversifolia 30.8, Galium verrucosum 29.7, Stachys ocymastrum 29.6, 
Scorpiurus muricatus 29.6, Calendula arvensis 28.6, Borago officinalis 28.4, Ranunculus macrophyllus 
28.3, Platycapnos spicata 27.1, Malva trimestris 26.6, Plantago afra 26.0, Anacyclus radiatus 25.7, 
Erodium malacoides 25.3, Leontodon saxatilis 24.5, Convolvulus meonanthus 24.3, Ridolfia segetum 
23.0, Lathyrus ochrus 22.6, Convolvulus althaeoides 22.5, Glebionis coronaria 22.4, Rapistrum 
rugosum 21.5, Vicia lutea 21.1, Medicago intertexta 20.9, Sherardia arvensis 20.6, Euphorbia exigua 
20.1, Sinapis alba 19.6, Medicago polymorpha 19.3, Silene colorata 19.2, Daucus muricatus 19.2, 
Galactites tomentosus 18.8, Orobanche rapum-genistae 18.6, Fumaria mirabilis 18.6, Chamaemelum 
fuscatum 18.5, Allium roseum 17.9, Medicago trunculata 17.4, Ornithogalum narbonense 17.3, Lolium 
rigidum 17.3, Cerinthe major 17.3, Gladiolus italicus 17.1, Crepis vesicaria 17.1, Anisantha diandra 
17.0, Melilotus sulcatus 16.9, Leontodon maroccanus 16.7, Phalaris minor 16.5, Fumaria parviflora 
16.2, Muscari neglectum 15.9, Cerastium siculum 15.7, Torilis nodosa 15.6, Krubera peregrina 15.4, 
Biscutella auriculata 15.3, Anisantha madritensis 15.3, Triguera osbeckii 14.6, Scrophularia 
sambucifolia 14.0, Papaver hybridum 13.9, Scorpiurus vermiculatus 13.7, Medicago rigidula 12.7, 
Linaria micrantha 12.1, Hedypnois rhagadioloides 12.1, Ranunculus muricatus 11.9, Bromus 
lanceolatus 11.8, Euphorbia segetalis 11.7, Anacyclus clavatus 11.5, Scandix pecten-veneris 11.3, 
Allium nigrum 11.2, Noccaea perfoliata 11.1, Plantago lagopus 10.9, Echium plantagineum 10.9, 
Leopoldia comosa 10.7, Arisarum vulgare 10.7, Silybum marianum 10.4, Echinops strigosus 10.1, 
Bupleurum lancifolium 10.1  
Constant species: Calendula arvensis 61, Sherardia arvensis 53, Lolium rigidum 50, Fedia cornucopiae 
49, Papaver rhoeas 47, Sonchus oleraceus 45, Anagallis arvensis 45, Convolvulus arvensis 44, 
Centaurea pullata 44, Rapistrum rugosum 40, Euphorbia exigua 40, Erodium cicutarium 40, Medicago 
polymorpha 39, Hordeum murinum aggr. 38, Scorpiurus muricatus 37, Diplotaxis virgata 37, Raphanus 
raphanistrum 36, Erodium malacoides 36, Euphorbia helioscopia 35, Galactites tomentosus 31  
Dominant species: Diplotaxis virgata 10, Hedysarum coronarium 9, Glossopappus macrotus 8, Fedia 
cornucopiae 7, Glebionis coronaria 5, Scandix pecten-veneris 3, Papaver rhoeas 3, Anisantha diandra 
3, Rapistrum rugosum 2, Raphanus raphanistrum 2, Hordeum murinum aggr. 2, Anisantha madritensis 
2, Sherardia arvensis 1, Ranunculus arvensis 1, Lolium rigidum 1, Calendula arvensis 1, Anacyclus 
radiatus 1  
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Cluster  21  
Helianthemetea guttati 
Number of relevés: 119  
 
Diagnostic species: Aira caryophyllea 41.3, Anthoxanthum aristatum 40.8, Trisetaria ovata 40.4, 
Arnoseris minima 38.3, Sedum arenarium 35.7, Micropyrum patens 33.9, Campanula lusitanica 33.1, 
Aphanes australis 29.3, Agrostis castellana 28.4, Micropyrum tenellum 26.1, Ornithopus perpusillus 
26.0, Linaria elegans 23.7, Teesdalia coronopifolia 22.6, Ornithopus compressus 20.5, Anthemis 
arvensis 20.5, Holcus gayanus 20.4, Ctenopsis delicatula 20.4, Briza maxima 20.4, Coincya monensis 
20.2, Spergularia segetalis 20.1, Briza minor 19.0, Filago minima 18.8, Conopodium majus 18.7, Linaria 
spartea 18.6, Cladanthus mixtus 18.6, Silene gallica 17.9, Linaria saxatilis 17.8, Jasione montana 17.5, 
Scleranthus polycarpos 17.3, Bunias erucago 17.3, Hispidella hispanica 17.2, Holcus mollis 16.8, Vicia 
lutea 16.3, Vulpia myuros 15.9, Lolium rigidum 14.9, Jasione sessiliflora 14.3, Lathyrus hirsutus 14.2, 
Tolpis barbata 14.0, Neoschischkinia truncatula 13.6, Scleranthus annuus 13.5, Mibora minima 13.4, 
Plantago subulata 13.1, Vulpia bromoides 12.9, Eryngium tenue 12.7, Myosotis discolor 12.5, Aphanes 
microcarpa 12.1, Pulicaria dysenterica 12.0, Conopodium arvense 11.9, Filago carpetana 11.8, Linum 
bienne 11.6, Senecio gallicus 11.2, Leopoldia comosa 11.2, Raphanus raphanistrum 11.1, Lathyrus 
angulatus 10.8, Rumex acetosella aggr. 10.7, Pteridium aquilinum 10.5, Leucanthemopsis pulverulenta 
10.4, Trifolium striatum 10.3  
Constant species: Anthemis arvensis 71, Arnoseris minima 55, Scleranthus annuus 48, Anthoxanthum 
aristatum 46, Raphanus raphanistrum 45, Lolium rigidum 44, Rumex acetosella aggr. 39, Vicia sativa 
aggr. 38, Aira caryophyllea 36  
Dominant species: Anthemis arvensis 11, Anthoxanthum aristatum 10, Scleranthus annuus 4, Arnoseris 
minima 4, Cyanus segetum 3, Cladanthus mixtus 3, Trisetaria ovata 2, Tolpis barbata 2, Sedum 
arenarium 2, Molineriella laevis 2, Herniaria hirsuta 2, Agrostis castellana 2  
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Cluster  22  
Helianthemetea guttati + Rumicion bucephalophori 
Number of relevés: 231  
 
Diagnostic species: Mibora minima 42.0, Linaria amethystea 28.1, Rumex bucephalophorus 23.2, 
Glebionis segetum 22.7, Fumaria reuteri 22.1, Stachys arvensis 22.0, Myosotis discolor 19.8, Cerastium 
glomeratum 17.9, Senecio lividus 17.8, Spergula pentandra 16.6, Linaria elegans 16.1, Ornithopus 
compressus 15.8, Coleostephus myconis 15.7, Reseda virgata 14.6, Anthemis arvensis 14.6, Spergula 
arvensis 14.0, Myosotis persoonii 13.9, Hypochaeris glabra 13.6, Raphanus raphanistrum 13.5, Lupinus 
angustifolius 13.3, Legousia falcata 12.6, Arabidopsis thaliana 12.2, Calendula arvensis 11.8, Bunias 
erucago 11.4, Aphanes microcarpa 11.4, Senecio vulgaris 10.6, Teesdalia coronopifolia 10.1  
Constant species: Anthemis arvensis 54, Raphanus raphanistrum 53, Stellaria media aggr. 51, 
Senecio vulgaris 50, Spergula arvensis 48, Mibora minima 45, Cerastium glomeratum 44, Arabidopsis 
thaliana 36, Rumex bucephalophorus 31, Papaver rhoeas 31, Glebionis segetum 31  
Dominant species: Mibora minima 6, Stellaria media aggr. 5, Spergula arvensis 4, Rumex 
bucephalophorus 3, Fumaria reuteri 3, Fumaria muralis 3, Calendula arvensis 3, Raphanus 
raphanistrum 2, Arabidopsis thaliana 2, Hypochaeris glabra 1, Glebionis segetum 1, Coleostephus 
myconis 1, Brassica fruticulosa 1, Aphanes microcarpa 1  
  
  
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  23 
Rumicion bucephalophori & Alysso-Brassicion 
Number of relevés: 195  
 
Diagnostic species: Lathyrus angulatus 43.7, Alyssum granatense 43.0, Lupinus angustifolius 40.4, 
Linaria spartea 40.3, Vicia benghalensis 39.9, Anacyclus clavatus 38.5, Spergula pentandra 36.7, 
Anthyllis lotoides 35.8, Brassica barrelieri 35.0, Centaurea benedicta 34.1, Senecio gallicus 33.1, Tolpis 
barbata 33.0, Ornithopus compressus 32.2, Molineriella minuta 31.9, Hypochaeris glabra 31.2, 
Teesdalia coronopifolia 29.8, Vicia lutea 29.7, Molineriella laevis 28.9, Lolium rigidum 28.9, Filago 
pyramidata 27.2, Papaver argemone 27.0, Eryngium tenue 26.0, Diplotaxis catholica 25.8, Vulpia 
bromoides 25.6, Filago minima 24.7, Mibora minima 24.0, Veronica triphyllos 23.1, Sisymbrium 
austriacum 21.7, Silene colorata 21.4, Aphanes cornucopioides 20.2, Cerastium glomeratum 20.0, 
Papaver hybridum 19.9, Leopoldia comosa 19.9, Astragalus pelecinus 19.4, Raphanus raphanistrum 
19.3, Valerianella coronata 18.9, Hypecoum imberbe 18.5, Medicago polyceratia 18.4, Draba verna 
18.4, Silene gallica 18.2, Anchusa undulata 18.0, Rumex bucephalophorus 17.5, Trifolium 
angustifolium 16.8, Coincya monensis 16.7, Neslia paniculata 16.6, Ranunculus arvensis 16.5, 
Arabidopsis thaliana 16.2, Trifolium arvense 15.9, Fumaria bastardii 15.6, Calendula arvensis 15.6, 
Moenchia erecta 15.5, Chondrilla juncea 15.5, Trifolium tomentosum 15.1, Anisantha tectorum 15.0, 
Herniaria hirsuta 14.8, Galium tricornutum 14.8, Anchusa azurea 14.8, Filago gallica 14.7, 
Chamaemelum fuscatum 14.7, Papaver dubium aggr. 14.6, Filago carpetana 14.5, Anthemis cotula 
14.5, Hirschfeldia incana 14.4, Micropyrum tenellum 14.1, Holosteum umbellatum 13.9, Ornithopus 
pinnatus 13.8, Anisantha diandra 13.4, Erodium ciconium 12.9, Eryngium campestre 12.8, Erodium 
cicutarium 12.6, Lamium amplexicaule 12.4, Echium plantagineum 12.4, Scandix pecten-veneris 12.2, 
Myosotis stricta 12.2, Avena barbata 12.2, Vicia sativa aggr. 11.9, Buglossoides arvensis 11.9, 
Camelina microcarpa 11.7, Andryala integrifolia 11.7, Paronychia argentea 11.6, Senecio vulgaris 11.3, 
Crassula tillaea 11.3, Biscutella auriculata 10.9, Lathyrus cicera 10.8, Aphanes microcarpa 10.7, 
Trifolium subterraneum 10.4, Taeniatherum caput-medusae 10.4, Diplotaxis virgata 10.0  
Constant species: Lolium rigidum 78, Anacyclus clavatus 76, Raphanus raphanistrum 71, Vicia sativa 
aggr. 58, Convolvulus arvensis 56, Papaver rhoeas 55, Papaver argemone 55, Senecio vulgaris 53, 
Capsella bursa-pastoris 52, Polygonum aviculare aggr. 50, Cerastium glomeratum 49, Lamium 
amplexicaule 48, Erodium cicutarium 48, Veronica triphyllos 46, Ranunculus arvensis 46, Arabidopsis 
thaliana 46, Filago pyramidata 44, Anisantha tectorum 42, Vicia lutea 40, Ornithopus compressus 40, 
Draba verna 39, Hypochaeris glabra 37, Buglossoides arvensis 37, Trifolium arvense 36, Veronica 
hederifolia aggr. 35, Lupinus angustifolius 35, Calendula arvensis 35, Papaver hybridum 34, Linaria 
spartea 34, Leopoldia comosa 34, Anthemis arvensis 34, Spergula arvensis 33, Neslia paniculata 33, 
Galium tricornutum 33, Chondrilla juncea 32, Senecio gallicus 31  
Dominant species: Raphanus raphanistrum 13, Papaver rhoeas 6, Ornithopus compressus 4, 
Hypecoum imberbe 4, Anacyclus clavatus 4, Trifolium arvense 3, Lolium rigidum 3, Anisantha diandra 
3, Vicia villosa aggr. 2, Spergula arvensis 2, Scleranthus annuus 2, Diplotaxis virgata 2, Chamaemelum 
fuscatum 2, Astragalus pelecinus 2, Rumex bucephalophorus 1, Ranunculus arvensis 1, Juncus bufonius 
aggr. 1, Descurainia sophia 1, Calendula arvensis 1, Brassica barrelieri 1, Anthemis arvensis 1, 
Anisantha tectorum 1  
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Cluster  24  
Festuco-Puccinellietea & Erysimo-Hackelion & Cannabion sativae 
Number of relevés: 423  
 
Diagnostic species: Artemisia santonicum 30.0, Hackelia deflexa 25.7, Atriplex micrantha 22.8, 
Rhaponticum repens 21.7, Lactuca tatarica 19.8, Hieracium bifidum 18.8, Erysimum witmannii 18.7, 
Galium humifusum 18.5, Atriplex aucheri 18.4, Limonium meyeri 17.4, Crambe maritima 17.2, 
Mercurialis perennis 16.9, Glycyrrhiza glabra 16.8, Bassia hirsuta 16.0, Bassia sedoides 15.4, Suaeda 
altissima 15.3, Sesleria varia aggr. 15.3, Poa stiriaca 15.3, Dianthus praecox 15.3, Cotoneaster 
tomentosus 15.3, Clematis alpina 15.3, Lactuca muralis 14.9, Polygonum arenarium 14.1, Suaeda salsa 
13.7, Elytrigia elongata 13.7, Kernera saxatilis 13.6, Pseudoturritis turrita 13.5, Senecio ovatus 13.4, 
Cystopteris fragilis 13.3, Berberis vulgaris 13.2, Corispermum hyssopifolium 13.0, Galium anisophyllon 
12.8, Campanula cochleariifolia 12.8, Helianthus lenticularis 12.5, Cynanchum acutum 12.5, Jovibarba 
globifera 11.9, Elytrigia obtusiflora 11.9, Cortusa matthioli 11.9, Seseli longifolium 11.7, Agropyron 
cristatum 11.7, Arabidopsis arenosa 11.5, Argusia sibirica 11.3, Eremopyrum triticeum 11.2, 
Calamagrostis varia 11.2, Artemisia austriaca 11.2, Leymus racemosus 11.0, Bupleurum falcatum 11.0, 
Sorbus aria 10.8, Polygonum patulum 10.8, Gymnocarpium robertianum 10.8, Poa nemoralis 10.7, 
Bassia hyssopifolia 10.5, Centaurea diffusa 10.4, Atriplex tatarica 10.3, Suaeda acuminata 10.2, Carex 
humilis 10.2, Rumex confertus 10.1, Ranunculus breyninus 10.0, Carduus defloratus subsp. argemone 
10.0  
Constant species:   
Dominant species: Corispermum hyssopifolium 2, Artemisia santonicum 2, Artemisia campestris 2, 
Anisantha tectorum 2, Amaranthus crispus 2, Phragmites australis 1, Glycyrrhiza glabra 1, Elytrigia 
repens 1, Ecballium elaterium 1, Atriplex tatarica 1, Atriplex aucheri 1  
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Cluster  25  
Artemisietea lerchianae 
Number of relevés: 47  
 
Diagnostic species: Artemisia lerchiana 88.6, Alyssum turkestanicum 82.7, Medicago orthoceras 
82.1, Meniocus linifolius 81.1, Ceratocarpus arenarius 80.3, Eremopyrum triticeum 69.8, 
Eremopyrum orientale 68.2, Alhagi maurorum 66.1, Bromus squarrosus 63.1, Ceratocephala falcata 
61.7, Erodium hoefftianum 59.3, Carduus uncinatus 59.1, Agropyron fragile 58.2, Artemisia scoparia 
49.1, Medicago medicaginoides 43.6, Astragalus testiculatus 43.6, Leymus ramosus 42.3, Artemisia 
taurica 40.5, Nonea caspica 38.4, Neotorularia contortuplicata 35.6, Holosteum umbellatum 34.6, 
Tulipa sylvestris 33.7, Androsace maxima 33.5, Tragopogon ruber 32.5, Lappula marginata 32.5, 
Gagea reticulata 32.5, Senecio glaucus subsp. coronopifolius 32.0, Anisantha tectorum 29.4, 
Tanacetum achilleifolium 29.0, Silene cyri 29.0, Tripleurospermum parviflorum 28.6, Krascheninnikovia 
ceratoides 28.6, Salsola kali aggr. 26.5, Climacoptera crassa 24.7, Achillea micrantha 24.6, Lappula 
patula 24.2, Anabasis aphylla 24.2, Prangos odontalgica 23.8, Bassia prostrata 23.3, Carex stenophylla 
23.0, Filago arvensis 19.8, Poa bulbosa 18.9, Rochelia disperma 18.6, Descurainia sophia 17.4, 
Artemisia austriaca 17.0, Senecio leucanthemifolius 16.4, Chorispora tenella 16.0, Peganum harmala 
14.4, Artemisia campestris 13.6, Crepis sancta 13.1, Lepidium perfoliatum 12.8, Atriplex tatarica 12.1, 
Veronica verna 10.9, Sisymbrium loeselii 10.8  
Constant species: Alyssum turkestanicum 85, Bromus squarrosus 83, Artemisia lerchiana 81, 
Anisantha tectorum 77, Meniocus linifolius 68, Medicago orthoceras 68, Ceratocarpus arenarius 68, 
Eremopyrum triticeum 60, Holosteum umbellatum 57, Ceratocephala falcata 55, Eremopyrum 
orientale 53, Salsola kali aggr. 47, Alhagi maurorum 47, Carduus uncinatus 45, Descurainia sophia 43, 
Erodium hoefftianum 36, Androsace maxima 36, Poa bulbosa 34, Agropyron fragile 34  
Dominant species: Ceratocarpus arenarius 6, Carduus uncinatus 6, Artemisia taurica 2, Artemisia 
lerchiana 2  
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Cluster  26  
Transitional 
Number of relevés: 88  
 
Diagnostic species: Festuca rubra aggr. 30.4, Atriplex littoralis 30.0, Silene nutans 29.2, Lepidium 
latifolium 27.3, Honckenya peploides 25.4, Rosa rugosa 23.3, Leymus arenarius 23.2, Artemisia 
maritima 22.8, Sorbus intermedia 21.2, Prunus spinosa 20.9, Crataegus laevigata 20.6, Galium verum 
aggr. 19.7, Hieracium pilosella aggr. 19.6, Sedum acre 19.4, Campanula rotundifolia aggr. 19.3, 
Crataegus monogyna 18.7, Avenella flexuosa 18.6, Melampyrum arvense 17.4, Hieracium murorum 
gr. 16.8, Anthriscus sylvestris aggr. 16.6, Artemisia campestris 15.6, Allium oleraceum 13.9, Dactylis 
glomerata 13.2, Calluna vulgaris 13.1, Alopecurus aequalis 13.1, Carex arenaria 12.7, Myosurus 
minimus 12.4, Galium pusillum aggr. 12.4, Allium scorodoprasum 12.3, Hippophaë rhamnoides 11.7, 
Cirsium vulgare 11.7, Centaurea jacea aggr. 11.7, Bromus hordeaceus 11.6, Prunus cerasifera 11.1, 
Hypochaeris radicata 11.0, Cerastium fontanum 11.0, Filipendula vulgaris 10.9, Cakile maritima 10.9, 
Allium vineale 10.9, Epilobium montanum 10.6, Rosa canina 10.5, Jacobaea vulgaris 10.4  
Constant species: Elytrigia repens 51, Tripleurospermum inodorum 47, Festuca rubra aggr. 43, Dactylis 
glomerata 38, Convolvulus arvensis 35, Stellaria media aggr. 34, Polygonum aviculare aggr. 33, 
Capsella bursa-pastoris 32, Bromus hordeaceus 32, Senecio vulgaris 31  
Dominant species:   
 
 
 
 
 
 
 
 
 
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  27  
Veronico-Euphorbion 
Number of relevés: 56  
 
Diagnostic species: Chenopodium ficifolium 44.4, Lepidium coronopus 39.0, Matricaria chamomilla 
29.1, Persicaria amphibia 23.1, Glechoma hederacea 17.3, Equisetum arvense 16.7, Tussilago farfara 
16.5, Veronica persica 16.3, Ochlopoa annua 15.3, Lamium purpureum 14.2, Senecio vulgaris 14.1, 
Polygonum aviculare aggr. 13.6, Persicaria maculosa 13.2, Matricaria discoidea 12.7, Elytrigia repens 
12.6, Stellaria media aggr. 12.4, Euphorbia helioscopia 12.0, Sonchus asper 11.9, Chenopodium album 
11.9, Solanum nigrum 11.2, Capsella bursa-pastoris 10.9, Fallopia convolvulus 10.8, Poa trivialis 10.4, 
Cirsium arvense 10.2  
Constant species: Polygonum aviculare aggr. 95, Chenopodium album 95, Stellaria media aggr. 86, 
Matricaria chamomilla 86, Capsella bursa-pastoris 79, Elytrigia repens 77, Veronica persica 73, 
Ochlopoa annua 73, Fallopia convolvulus 73, Cirsium arvense 71, Equisetum arvense 68, Senecio 
vulgaris 62, Persicaria maculosa 54, Lamium purpureum 54, Chenopodium ficifolium 54, Galium 
aparine 52, Euphorbia helioscopia 48, Sonchus asper 46, Solanum nigrum 41, Sonchus arvensis 38, 
Lepidium coronopus 38, Sonchus oleraceus 36, Thlaspi arvense 34, Persicaria amphibia 32, Convolvulus 
arvensis 32  
Dominant species:   
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Cluster  28  
Artemisietea vulgaris + Securigero-Dasypyrion 
Number of relevés: 514  
 
Diagnostic species: Onopordum acaulon 20.0, Marrubium supinum 19.5, Bromus hordeaceus 15.3, 
Arctotheca calendula 14.9, Cirsium odontolepis 14.8, Vulpia ligustica 13.4, Festuca valesiaca aggr. 
12.2, Cirsium echinatum 11.8, Poa bulbosa 11.5, Plantago lanceolata 11.4, Carex liparocarpos 11.1, 
Cirsium acaulon 10.6, Trifolium nigrescens 10.4, Sanguisorba minor 10.3, Medicago minima 10.3  
Constant species: Bromus hordeaceus 40, Plantago lanceolata 39  
Dominant species: Bromus hordeaceus 9, Poa bulbosa 5, Vulpia ligustica 4, Trifolium nigrescens 4, 
Arctotheca calendula 4, Anisantha sterilis 3, Anisantha diandra 3, Onopordum acaulon 2, Medicago 
arabica 2, Lolium perenne 2, Hordeum murinum aggr. 2, Festuca valesiaca aggr. 2, Cynodon dactylon 
2, Cota austriaca 2, Anisantha tectorum 2, Anisantha madritensis 2, Saxifraga tridactylites 1, 
Marrubium supinum 1, Brachypodium phoenicoides 1  
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Cluster  29  
Helianthemetea guttati & Koelerio-Corynephoretea 
Number of relevés: 266  
 
Diagnostic species: Agrostis capillaris 32.2, Ornithopus perpusillus 31.7, Aira praecox 31.2, Rumex 
acetosella aggr. 24.9, Luzula campestris aggr. 24.1, Cytisus scoparius 22.7, Teesdalia nudicaulis 20.9, 
Festuca ovina aggr. 20.5, Jasione montana 20.4, Sedum rupestre 19.8, Hypochaeris radicata 18.8, Aira 
caryophyllea 18.0, Hypericum linarifolium 16.1, Cerastium semidecandrum 15.6, Saxifraga granulata 
14.5, Hieracium pilosella aggr. 14.5, Potentilla grandiflora 14.0, Filago minima 13.8, Scleranthus 
perennis 13.7, Vulpia bromoides 13.5, Aphanes microcarpa 13.4, Anthoxanthum odoratum 13.4, 
Myosotis discolor 13.3, Koeleria cristata 13.2, Prospero autumnale 12.9, Sedum anglicum 12.7, 
Armeria alliacea 12.6, Trifolium dubium 12.4, Senecio sylvaticus 11.9, Avenula pubescens 11.9, Agrostis 
vinealis 11.9, Corynephorus canescens 11.5, Gagea bohemica 11.3, Avenella flexuosa 11.2, Spergula 
morisonii 11.1, Hypericum perforatum 10.5, Genista pilosa 10.5, Veronica arvensis 10.1  
Constant species: Rumex acetosella aggr. 80, Agrostis capillaris 47, Veronica arvensis 44, Ornithopus 
perpusillus 32, Erodium cicutarium 31  
Dominant species: Rumex acetosella aggr. 17, Vulpia bromoides 3, Scleranthus annuus 3, Erodium 
cicutarium 3, Aphanes microcarpa 3, Trifolium subterraneum 2, Teesdalia nudicaulis 2, Ornithopus 
perpusillus 2, Holcus mollis 2, Holcus annuus 2, Elytrigia repens 2, Anthoxanthum aristatum 2, Agrostis 
capillaris 2, Trifolium repens 1, Lycopsis arvensis 1, Erigeron canadensis 1, Draba verna 1, Aira praecox 
1  
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Cluster  30  
Polycarpion tetraphylli [Polygono-Poetea] 
Number of relevés: 110  
 
Diagnostic species: Crassula tillaea 77.4, Sagina apetala 72.8, Soliva stolonifera 43.2, Plantago 
coronopus 38.9, Trifolium suffocatum 30.8, Filago petro-ianii 28.5, Polycarpon tetraphyllum 26.6, 
Ochlopoa infirma 24.2, Crepis pusilla 21.5, Juncus pygmaeus 19.2, Trifolium glomeratum 18.4, Bellium 
bellidioides 16.4, Spergularia rubra 15.9, Bellis annua 15.2, Cotula australis 14.4, Molineriella laevis 
12.9, Tuberaria guttata 12.3, Cerastium ligusticum 12.0, Aphanes microcarpa 12.0, Ochlopoa annua 
10.7, Filago minima 10.6  
Constant species: Sagina apetala 83, Crassula tillaea 78, Ochlopoa annua 56, Plantago coronopus 
55, Polycarpon tetraphyllum 33  
Dominant species: Crassula tillaea 22, Sagina apetala 13, Soliva stolonifera 8, Trifolium suffocatum 3, 
Spergularia rubra 2, Crepis pusilla 2  
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Cluster  31  
Festuco-Brometea 
Number of relevés: 406  
 
Diagnostic species: Bothriochloa ischaemum 59.0, Taeniatherum caput-medusae 48.5, Chrysopogon 
gryllus 46.2, Dasypyrum villosum 45.0, Potentilla recta gr. 41.4, Astragalus onobrychis 41.3, Aegilops 
neglecta 41.0, Orlaya grandiflora 39.7, Xeranthemum annuum 39.6, Trifolium hirtum 39.3, Thymus 
striatus 39.0, Teucrium polium 38.9, Petrorhagia prolifera 38.6, Eryngium campestre 36.2, Aegilops 
triuncialis 36.2, Erysimum diffusum 35.5, Potentilla pedata 35.0, Koeleria nitidula 34.2, Crupina 
vulgaris 32.6, Convolvulus cantabrica 31.6, Thymus sibthorpii 31.4, Galium tenuissimum 31.4, 
Herniaria incana 31.3, Trifolium striatum 29.8, Medicago minima 29.8, Hypericum rumeliacum 29.7, 
Crepis setosa 29.7, Galium divaricatum 29.6, Achillea coarctata 29.5, Psilurus incurvus 29.0, Poa 
bulbosa 28.7, Medicago rigidula 28.7, Sanguisorba minor 27.9, Euphorbia myrsinites 27.5, Trifolium 
angustifolium 26.8, Crepis sancta 26.6, Helianthemum salicifolium 26.4, Bromus squarrosus 26.4, 
Trifolium sylvaticum 25.8, Sedum urvillei 25.8, Cruciata pedemontana 25.8, Ornithogalum comosum 
25.5, Sideritis montana 25.3, Dianthus corymbosus 24.8, Xeranthemum cylindraceum 24.3, Scabiosa 
triniifolia 24.2, Pilosella bauhini 24.2, Teucrium chamaedrys 24.0, Trifolium cherleri 22.3, Thymus 
roegneri 22.1, Cynosurus echinatus 21.9, Trifolium incarnatum 21.8, Clinopodium alpinum 21.3, 
Petrorhagia illyrica 20.7, Trifolium leucanthum 20.6, Trifolium echinatum 20.5, Pastinaca hirsuta 20.4, 
Moenchia graeca 20.4, Crucianella graeca 20.4, Carlina vulgaris 20.1, Trifolium dubium 20.0, Trifolium 
retusum 19.6, Bombycilaena erecta 19.6, Valerianella coronata 19.5, Vulpia ciliata 19.4, Sedum 
caespitosum 19.3, Paliurus spina-christi 19.3, Onobrychis alba 19.1, Phleum phleoides 19.0, Asperula 
cynanchica 18.9, Ziziphora capitata 18.7, Festuca valesiaca aggr. 18.7, Potentilla argentea aggr. 18.5, 
Centaurea stoebe 18.5, Carduus candicans 18.5, Stachys germanica 18.4, Veronica verna 18.1, 
Lomelosia argentea 17.9, Festuca callieri 17.8, Centaurea tymphea 17.8, Galium verum aggr. 17.6, 
Potentilla inclinata 17.5, Filago arvensis 17.5, Silene conica 17.3, Trifolium tenuifolium 17.1, Anthemis 
auriculata 17.1, Achillea clypeolata 17.1, Dianthus gracilis 16.8, Trifolium nigrescens 16.7, Centaurea 
grisebachii 16.7, Carthamus lanatus 16.6, Phleum subulatum 16.5, Koeleria splendens 16.4, Euphorbia 
barrelieri 16.4, Centaurea cuneifolia 16.4, Trifolium purpureum 16.2, Bromus japonicus 16.2, 
Parentucellia latifolia 16.1, Melica ciliata 16.1, Agrimonia eupatoria 16.1, Marrubium peregrinum 
15.9, Neatostema apulum 15.8, Verbascum leucophyllum 15.6, Galium macedonicum 15.6, 
Ornithogalum orthophyllum 15.5, Linaria pelisseriana 15.5, Dianthus monadelphus subsp. pallens 15.5, 
Sedum hispanicum 15.4, Scleranthus verticillatus 15.2, Trifolium strictum 15.0, Nigella arvensis 15.0, 
Arenaria leptoclados 14.9, Stipa capillata 14.8, Silene frivaldszkyana 14.8, Trifolium diffusum 14.7, 
Crepis foetida aggr. 14.5, Carduus nutans 14.4, Erysimum pusillum 14.3, Achillea crithmifolia 14.3, 
Velezia rigida 14.2, Inula oculus-christi 14.2, Stachys angustifolia 14.0, Minuartia viscosa 14.0, 
Dianthus pinifolius 14.0, Centaurea orphanidea 14.0, Asperula purpurea 14.0, Aira elegans 14.0, 
Bupleurum apiculatum 13.9, Alkanna tinctoria 13.8, Verbascum speciosum 13.2, Scleranthus perennis 
13.2, Pilosella hoppeana 13.2, Trifolium setiferum 13.1, Thymus atticus 13.1, Festuca dalmatica 13.1, 
Clinopodium suaveolens 13.1, Centaurea orientalis 13.1, Plantago lanceolata 13.0, Hypochaeris 
cretensis 13.0, Trifolium scabrum 12.9, Trifolium arvense 12.9, Onobrychis caput-galli 12.8, Hordeum 
bulbosum 12.8, Erysimum crassistylum 12.8, Rorippa thracica 12.7, Onobrychis arenaria 12.5, 
Medicago monspeliaca 12.5, Sherardia arvensis 12.2, Bromus arvensis 12.2, Anthemis ruthenica 12.2, 
Sedum annuum 12.1, Onobrychis pindicola 12.1, Minuartia glomerata 12.1, Hypericum olympicum 
12.1, Festuca thracica 12.1, Cichorium intybus 12.1, Asyneuma limonifolium 12.1, Aira elegantissima 
12.1, Goniolimon tataricum 11.9, Cynodon dactylon 11.9, Phleum montanum 11.8, Vulpia myuros 11.6, 
Delphinium balcanicum 11.5, Cleistogenes serotina 11.5, Trifolium campestre 11.4, Podospermum 
canum 11.4, Minuartia hamata 11.4, Centaurea solstitialis 11.4, Anthemis macedonica 11.4, 
Agropyron cristatum 11.4, Petrorhagia saxifraga 11.3, Linum austriacum 11.3, Achillea nobilis 11.3, 
Linaria genistifolia 11.2, Aegilops cylindrica 11.2, Verbascum lesnovoensis 11.0, Triticum monococcum 
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11.0, Thymus longedentatus 11.0, Onosma heterophylla 11.0, Minuartia setacea 11.0, Micromeria 
cremnophila 11.0, Leontodon crispus 11.0, Campanula scutellata 11.0, Bupleurum flavum 11.0, 
Bupleurum commutatum 11.0, Achillea pseudopectinata 11.0, Tragopogon dubius 10.9, Lomelosia 
divaricata 10.8, Dorycnium pentaphyllum 10.8, Chondrilla juncea 10.8, Cerastium pumilum 10.8, 
Astragalus hamosus 10.8, Ventenata dubia 10.6, Potentilla astracanica 10.6, Odontarrhena muralis 
10.6, Lotus corniculatus 10.5, Euphorbia taurinensis 10.5, Cruciata laevipes 10.5, Stipa eriocaulis 10.3, 
Moenchia mantica 10.3, Jasione heldreichii 10.3, Digitalis lanata 10.2, Thymus comptus 10.1  
Constant species: Eryngium campestre 73, Dasypyrum villosum 52, Poa bulbosa 50, Plantago 
lanceolata 43, Medicago minima 43, Bothriochloa ischaemum 43, Taeniatherum caput-medusae 41, 
Cynodon dactylon 39, Petrorhagia prolifera 38, Sanguisorba minor 36, Bromus squarrosus 36, Trifolium 
angustifolium 33, Sherardia arvensis 33, Achillea millefolium aggr. 31  
Dominant species: Dasypyrum villosum 14, Bothriochloa ischaemum 10, Aegilops neglecta 5, 
Taeniatherum caput-medusae 4, Poa bulbosa 4, Trifolium cherleri 3, Cynodon dactylon 3, Trifolium 
nigrescens 2, Trifolium incarnatum 2, Medicago minima 2, Chrysopogon gryllus 2, Bromus arvensis 2, 
Aegilops triuncialis 2, Trifolium hirtum 1, Orlaya grandiflora 1, Festuca valesiaca aggr. 1  
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Cluster  32  
Geranio pusilli-Anthriscion caucalidis 
Number of relevés: 249  
 
Diagnostic species: Anthriscus caucalis 65.2, Geranium lucidum 52.6, Myosotis ramosissima 27.1, 
Cardamine hirsuta 25.4, Viola kitaibeliana 25.0, Quercus rotundifolia 25.0, Galium parisiense 22.5, 
Lamium bifidum 21.0, Geranium purpureum 20.3, Valerianella carinata 18.2, Geranium robertianum 
17.6, Umbilicus rupestris 17.2, Drabella muralis 17.2, Ranunculus parviflorus 16.6, Galium spurium 
16.6, Sedum cepaea 15.2, Geranium molle 15.0, Rhagadiolus stellatus 14.3, Legousia scabra 14.1, 
Torilis africana 13.7, Centranthus calcitrapae 12.0, Ceratocapnos claviculata 11.9, Senecio lividus 11.4, 
Hornungia procumbens 11.4, Fumaria muralis 10.8, Aristolochia paucinervis 10.8, Arabis nova 10.8  
Constant species: Anthriscus caucalis 69, Stellaria media aggr. 67, Geranium lucidum 49, Cardamine 
hirsuta 43, Geranium molle 39, Galium aparine 31  
Dominant species: Anthriscus caucalis 24, Geranium lucidum 19, Stellaria media aggr. 9, Geranium 
purpureum 4, Galium parisiense 4, Cardamine hirsuta 4, Anisantha sterilis 4, Drabella muralis 3, 
Geranium robertianum 2, Galium spurium 2, Urtica membranacea 1, Galium murale 1  
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Cluster  33  
Geranio-Cardaminetalia 
Number of relevés: 270  
 
Diagnostic species: Geranium purpureum 36.3, Hornungia petraea 30.2, Moehringia pentandra 24.2, 
Centranthus calcitrapae 22.0, Saxifraga tridactylites 20.1, Cardamine graeca 19.2, Ricotia cretica 17.0, 
Cardamine hirsuta 16.9, Sedum sediforme 16.3, Arenaria modesta 16.0, Parapholis filiformis 15.4, 
Melica uniflora 14.8, Geranium rotundifolium 14.7, Cerastium gracile 14.6, Asterolinon linum-
stellatum 14.6, Blitum petiolare 14.2, Dracunculus vulgaris 14.1, Ionopsidium prolongoi 13.9, 
Asplenium ceterach 13.8, Cyclamen hederifolium 13.7, Valerianella multidentata 13.5, Cardamine 
monteluccii 13.5, Minuartia hybrida 13.2, Luzula forsteri 13.2, Veronica cymbalaria 13.1, Clypeola 
jonthlaspi 13.0, Scandix stellata 12.4, Limonium echioides 12.3, Jacobaea minuta 12.1, Helleborus 
viridis subsp. bocconei 12.1, Corydalis pumila 12.1, Arenaria conimbricensis 12.1, Arabis alpina 12.1, 
Anemone ranunculoides 12.1, Clematis cirrhosa 11.9, Asplenium adiantum-nigrum 11.8, Theligonum 
cynocrambe 11.3, Antirrhinum barrelieri 11.3, Quercus ilex 10.8, Minuartia campestris 10.8, 
Verbascum boerhavii 10.4, Draba verna 10.4, Fumaria sepium 10.3, Euphorbia characias 10.2, Galium 
verticillatum 10.1, Galium parisiense 10.1  
Constant species: Geranium purpureum 41  
Dominant species: Cardamine hirsuta 5, Geranium purpureum 4, Moehringia pentandra 3, Stellaria 
pallida 2, Cardamine monteluccii 2, Cardamine graeca 2, Scandix pecten-veneris 1, Quercus ilex 1, 
Geranium rotundifolium 1, Geranium lucidum 1, Blitum petiolare 1  
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Cluster  34  
Geranio-Anthriscion & Geo urbani-Alliarion officinalis 
Number of relevés: 115  
 
Diagnostic species: Torilis japonica 62.8, Cochlearia danica 50.9, Fumaria muralis 30.9, Stellaria 
pallida 24.9, Hyacinthoides non-scripta 24.5, Hedera helix 23.3, Salvia glutinosa 22.3, Stachys sylvatica 
17.8, Geranium molle 17.2, Silene uniflora 16.9, Anisantha sterilis 15.0, Campanula trachelium 14.9, 
Carduus tenuiflorus 14.7, Bidens pilosus 14.6, Fumaria capreolata 14.4, Claytonia perfoliata 14.1, 
Bryonia dioica 13.5, Geranium purpureum 13.3, Brachypodium sylvaticum 12.6, Senecio sylvaticus 
12.3, Schedonorus giganteus 12.2, Umbilicus rupestris 11.6, Umbilicus horizontalis 11.2, Geum 
urbanum 11.0, Ligustrum vulgare 10.7  
Constant species: Torilis japonica 59, Galium aparine 50, Stellaria media aggr. 49, Sonchus oleraceus 
43, Senecio vulgaris 43, Geranium molle 43, Anisantha sterilis 43, Fumaria muralis 36  
Dominant species: Torilis japonica 38, Cochlearia danica 16, Fumaria muralis 15, Stellaria media aggr. 
10, Fumaria capreolata 8, Stellaria pallida 3, Galium aparine 3, Anisantha sterilis 3, Urtica dioica 2, 
Rubus caesius 2, Euphorbia peplus 2, Claytonia perfoliata 2, Carduus tenuiflorus 2  
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Cluster  35  
Helianthemetea guttati 
Number of relevés: 703  
 
Diagnostic species: Reichardia picroides 21.5, Helichrysum italicum 19.2, Cistus monspeliensis 18.3, 
Catapodium marinum 16.4, Lagurus ovatus 16.0, Paronychia echinulata 14.5, Lotus cytisoides 14.0, 
Triplachne nitens 13.5, Juniperus phoenicea 13.0, Elytrigia atherica 12.3, Plantago weldenii 12.2, 
Crithmum maritimum 12.2, Polycarpon tetraphyllum 12.1, Frankenia laevis 12.1, Euphorbia pithyusa 
12.0, Silene littorea 11.9, Lotus halophilus 11.6, Loeflingia hispanica 11.6, Silene gallica 11.5, Plantago 
lagopus 11.4, Salsola aegaea 11.3, Plantago amplexicaulis 11.3, Rostraria cristata 11.0, Aira cupaniana 
10.9, Fagonia cretica 10.7, Malcolmia triloba 10.6, Artemisia caerulescens 10.6, Tuberaria guttata 
10.5, Stipa capensis 10.4, Parapholis incurva 10.3, Wahlenbergia lobelioides 10.2, Trachynia distachya 
10.1, Hypochaeris achyrophorus 10.1, Capparis spinosa 10.1  
Constant species:   
Dominant species: Stipa capensis 5, Plantago lagopus 2, Melilotus neapolitanus 2, Trachynia distachya 
1, Rumex bucephalophorus 1, Lagurus ovatus 1, Anisantha madritensis 1  
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Cluster  36  
Ononido-Rosmarinetea 
Number of relevés: 77  
 
Diagnostic species: Lagoecia cuminoides 82.4, Valantia hispida 78.1, Medicago coronata 77.8, Crepis 
cretica 77.8, Leontodon tuberosus 73.8, Anisantha fasciculata 70.2, Sarcopoterium spinosum 69.9, 
Drimia maritima 69.5, Biscutella didyma 67.1, Galium murale 64.6, Thymbra capitata 64.4, 
Hypochaeris achyrophorus 63.2, Cuscuta palaestina 62.1, Phagnalon rupestre 61.9, Bromus 
intermedius 61.5, Allium rubrovittatum 60.5, Tordylium apulum 59.2, Crucianella latifolia 58.9, 
Atractylis cancellata 58.4, Ononis reclinata 57.4, Filago aegaea 55.3, Daucus involucratus 54.4, 
Centaurium tenuiflorum 53.6, Galium setaceum 53.5, Carlina graeca 52.7, Plantago bellardii 52.5, 
Asphodelus ramosus 51.9, Hymenocarpos circinnatus 50.2, Trifolium scabrum 49.8, Valerianella 
discoidea 49.3, Teucrium microphyllum 49.3, Medicago monspeliaca 48.3, Urospermum picroides 48.2, 
Bupleurum gracile 48.0, Gastridium phleoides 47.4, Malva cretica 47.0, Muscari spreizenhoferi 46.4, 
Asterolinon linum-stellatum 46.3, Calicotome villosa 45.9, Tripodion tetraphyllum 44.0, Rostraria 
cristata 44.0, Lotus edulis 43.1, Satureja thymbra 42.5, Valantia muralis 42.4, Salvia viridis 42.3, 
Trifolium infamia-ponertii 42.2, Catapodium rigidum 41.9, Linum strictum 41.6, Hyoseris scabra 41.4, 
Sideritis romana 41.3, Trifolium stellatum 41.1, Daucus guttatus 41.0, Crepis commutata 41.0, Stipa 
capensis 40.4, Arisarum vulgare 39.7, Lamyropsis cynaroides 39.5, Gagea graeca 39.2, Psilurus 
incurvus 38.5, Medicago disciformis 38.2, Piptatherum coerulescens 38.0, Briza maxima 37.7, Sonchus 
bulbosus 37.3, Fumana arabica 37.3, Trifolium campestre 37.1, Plantago cretica 36.8, Lotus 
ornithopodioides 36.4, Crepis tybakiensis 36.0, Centaurea idaea 35.9, Clinopodium nanum 35.6, 
Campanula erinus 35.6, Paronychia macrosepala 35.4, Asparagus aphyllus 34.9, Anthemis rigida 34.9, 
Trifolium tomentosum 34.6, Scaligeria napiformis 34.6, Hippocrepis biflora 34.3, Aira elegantissima 
33.9, Scandix australis 33.5, Crupina crupinastrum 33.5, Mandragora autumnalis 33.4, Blackstonia 
perfoliata 33.3, Trifolium uniflorum 32.8, Plantago weldenii 32.7, Achnatherum bromoides 32.6, 
Stachys spinosa 32.1, Micromeria nervosa 31.8, Asperula rigida 31.7, Selaginella denticulata 31.6, 
Vulpia ciliata 31.4, Lotus peregrinus 31.4, Plantago lagopus 30.8, Centaurea raphanina 30.8, Sedum 
rubens 30.6, Asphodeline lutea 30.5, Picris pauciflora 30.4, Verbascum spinosum 30.2, Euphorbia 
acanthothamnos 30.0, Scorpiurus muricatus 29.9, Nigella stricta 29.8, Parietaria cretica 29.5, 
Pterocephalus plumosus 29.4, Plantago afra 29.4, Teucrium alpestre 29.2, Ranunculus paludosus 29.2, 
Pistacia lentiscus 29.2, Vicia cretica 28.9, Tragopogon porrifolius 28.3, Helianthemum salicifolium 28.3, 
Thesium humile 28.0, Fumana thymifolia 28.0, Aegilops biuncialis 28.0, Galium incrassatum 27.8, 
Phlomis fruticosa 27.6, Ballota pseudodictamnus 26.9, Brachypodium retusum 26.7, Theligonum 
cynocrambe 26.5, Linum trigynum 26.2, Moraea mediterranea 26.1, Cerastium comatum 26.1, Avena 
barbata 26.0, Anthemis chia 25.9, Knautia integrifolia 25.7, Onobrychis caput-galli 25.5, Lotus 
cytisoides 25.5, Petrorhagia candica 25.4, Genista acanthoclada 25.4, Anthyllis hermanniae 25.2, 
Teucrium brevifolium 25.1, Convolvulus oleifolius 25.1, Melica minuta 25.0, Sedum litoreum 24.7, 
Malcolmia flexuosa 24.7, Hyparrhenia hirta 24.7, Erica manipuliflora 24.7, Securigera parviflora 24.6, 
Phlomis cretica 24.2, Scorzonera cretica 24.1, Euphorbia peplus 24.1, Trachynia distachya 24.0, Crepis 
multiflora 23.7, Cistus creticus 23.7, Phlomis lanata 23.4, Rhamnus lycioides 22.7, Polygala venulosa 
22.7, Ononis verae 22.7, Olea europaea 22.7, Pimpinella cretica 22.4, Lagurus ovatus 22.4, Hedypnois 
rhagadioloides 22.2, Hypericum trichocaulon 21.8, Thymelaea hirsuta 21.7, Lactuca alpestris 21.7, 
Ranunculus asiaticus 21.5, Echium arenarium 21.5, Aegilops markgrafii 21.5, Tolpis virgata 21.4, 
Prunus webbii 21.4, Cichorium spinosum 21.2, Malcolmia chia 20.8, Salvia fruticosa 20.5, Filago 
pygmaea 20.4, Parentucellia latifolia 19.7, Anacamptis pyramidalis 19.4, Thymelaea tartonraira 19.3, 
Nigella doerfleri 19.3, Thesium bergeri 19.1, Asperula pubescens 19.1, Prasium majus 18.9, Linum 
corymbulosum 18.7, Lactuca tuberosa 18.7, Ceratonia siliqua 18.7, Echinaria capitata 18.6, Cynara 
cornigera 18.6, Taraxacum sect. Scariosa 18.5, Carlina corymbosa 18.4, Allosorus acrosticus 18.0, 
Medicago orbicularis 17.8, Sherardia arvensis 17.4, Avellinia festucoides 17.4, Dactylis glomerata 16.6, 
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Poa bulbosa 16.4, Anagallis arvensis 16.3, Medicago littoralis 16.1, Silene cretica 15.9, Securigera 
securidaca 15.9, Andropogon distachyos 15.8, Anchusa aegyptiaca 15.8, Torilis nodosa 15.6, Nigella 
damascena 15.3, Malva aegyptia 15.3, Draba praecox 15.3, Ophrys fusca aggr. 15.2, Brassica cretica 
15.2, Acuston lunarioides 15.2, Serapias parviflora 15.1, Scandix pecten-veneris 15.0, Myosotis 
incrassata 15.0, Medicago truncatula 15.0, Orlaya daucoides 14.9, Neatostema apulum 14.7, Allium 
subhirsutum 14.7, Valerianella obtusiloba 14.6, Centranthus calcitrapae 14.6, Silene apetala 14.2, 
Pimpinella peregrina 14.2, Cerastium scaposum 14.1, Cistus salviifolius 13.9, Carlina lanata 13.8, 
Narcissus tazetta 13.7, Asphodeline liburnica 13.6, Trifolium nigrescens 13.5, Clypeola jonthlaspi 13.4, 
Trifolium boissieri 13.3, Silene sclerocarpa 13.3, Minuartia mediterranea 13.3, Filago cretensis 12.7, 
Didesmus aegyptius 12.7, Atriplex halimus 12.7, Buglossoides incrassata 12.6, Velezia rigida 12.5, 
Filago gallica 12.3, Centaurium maritimum 12.3, Lathyrus saxatilis 12.2, Echium angustifolium 12.2, 
Orobanche pubescens 12.0, Crucianella angustifolia 12.0, Minuartia hybrida 11.9, Helichrysum 
stoechas 11.8, Ophrys lutea aggr. 11.7, Hippocrepis ciliata 11.7, Bromus scoparius 11.7, Medicago 
rigidula 11.4, Lomelosia divaricata 11.4, Ranunculus gracilis 11.0, Parapholis incurva 10.8, Trifolium 
suffocatum 10.6, Moraea sisyrinchium 10.6, Tuberaria guttata 10.5, Aethionema saxatile 10.4, Picris 
rhagadioloides 10.3, Rumex tuberosus 10.2, Erodium malacoides 10.2, Vicia parviflora 10.1, 
Bituminaria bituminosa 10.1, Linaria pelisseriana 10.0  
Constant species: Anagallis arvensis 79, Trifolium campestre 75, Lagoecia cuminoides 75, Trifolium 
scabrum 71, Valantia hispida 70, Rostraria cristata 70, Hypochaeris achyrophorus 70, Catapodium 
rigidum 69, Leontodon tuberosus 68, Galium murale 68, Medicago coronata 65, Crepis cretica 65, 
Urospermum picroides 64, Tordylium apulum 60, Avena barbata 58, Drimia maritima 55, Anisantha 
fasciculata 53, Biscutella didyma 52, Trifolium stellatum 51, Sarcopoterium spinosum 51, Thymbra 
capitata 49, Euphorbia peplus 49, Plantago lagopus 48, Bromus intermedius 47, Briza maxima 47, 
Sherardia arvensis 45, Dactylis glomerata 45, Medicago monspeliaca 44, Valerianella discoidea 43, 
Phagnalon rupestre 43, Asterolinon linum-stellatum 43, Crucianella latifolia 42, Asphodelus ramosus 
42, Plantago bellardii 40, Ononis reclinata 40, Cuscuta palaestina 40, Linum strictum 39, 
Hymenocarpos circinnatus 39, Atractylis cancellata 39, Scorpiurus muricatus 38, Allium rubrovittatum 
38, Hedypnois rhagadioloides 36, Arisarum vulgare 36, Vulpia ciliata 35, Trifolium tomentosum 35, 
Scandix pecten-veneris 34, Centaurium tenuiflorum 34, Sideritis romana 32, Psilurus incurvus 32, 
Plantago afra 32, Filago aegaea 32, Valantia muralis 31, Lotus ornithopodioides 31, Daucus 
involucratus 31, Crepis commutata 31, Carlina graeca 31  
Dominant species: Thymbra capitata 14, Sarcopoterium spinosum 12, Calicotome villosa 5, Thymelaea 
hirsuta 1, Phlomis fruticosa 1, Ononis spinosa aggr. 1, Olea europaea 1, Malva unguiculata 1, Lygeum 
spartum 1, Hyparrhenia hirta 1, Genista acanthoclada 1, Cistus salviifolius 1, Ballota pseudodictamnus 
1  
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Cluster  37  
Echio-Galactition 
Number of relevés: 545  
 
Diagnostic species: Urospermum dalechampii 36.6, Reichardia picroides 34.2, Aegilops geniculata 
27.8, Clinopodium nepeta 27.3, Brachypodium phoenicoides 27.3, Sixalix atropurpurea 27.0, Carlina 
corymbosa 26.3, Trifolium stellatum 23.8, Linum strictum 23.5, Thymus vulgaris 23.3, Dactylis 
glomerata 22.6, Trifolium angustifolium 22.0, Dittrichia viscosa 21.8, Catapodium rigidum 21.3, 
Brachypodium retusum 21.3, Salvia verbenaca 21.0, Pallenis spinosa 20.4, Trifolium scabrum 20.1, 
Hypochaeris achyrophorus 20.1, Sideritis romana 19.9, Bituminaria bituminosa 19.7, Galactites 
tomentosus 19.6, Verbascum sinuatum 19.5, Lotus ornithopodioides 19.5, Avena barbata 19.4, 
Foeniculum vulgare 19.1, Bupleurum baldense 18.7, Micromeria graeca 18.6, Sanguisorba verrucosa 
18.4, Medicago minima 18.4, Bellis sylvestris 18.4, Trifolium campestre 17.9, Anisantha madritensis 
17.9, Convolvulus cantabrica 17.2, Centaurea paniculata 17.1, Trachynia distachya 16.8, Sanguisorba 
minor 16.6, Medicago orbicularis 16.5, Kundmannia sicula 16.5, Helictochloa bromoides 16.5, Vulpia 
ciliata 16.4, Scorzonera villosa 16.1, Petrorhagia saxifraga 16.0, Briza maxima 16.0, Scorpiurus 
muricatus 15.9, Gaudinia fragilis 15.2, Ononis minutissima 14.9, Crepis neglecta 14.9, Elaeoselinum 
asclepium 14.8, Nigella damascena 14.6, Micromeria juliana 14.6, Euphorbia spinosa 14.5, Salvia 
officinalis 14.1, Dianthus caryophyllus 14.1, Tordylium apulum 14.0, Anthyllis vulneraria 14.0, Ruta 
angustifolia 13.4, Medicago truncatula 13.4, Hyparrhenia hirta 13.4, Dasypyrum villosum 13.4, 
Bellardia trixago 13.4, Hedypnois rhagadioloides 13.2, Allium subhirsutum 13.2, Ajuga iva 13.2, Galium 
corrudifolium 13.1, Cistus albidus 13.0, Asparagus acutifolius 13.0, Helichrysum italicum 12.9, Crepis 
sancta 12.9, Thymus longicaulis 12.8, Cynosurus echinatus 12.8, Ampelodesmos mauritanicus 12.8, 
Andryala integrifolia 12.6, Convolvulus althaeoides 12.5, Lavandula latifolia 12.3, Eryngium campestre 
12.3, Carex flacca 12.3, Blackstonia perfoliata 12.2, Quercus coccifera 12.0, Centaurea napifolia 12.0, 
Romulea bulbocodium 11.8, Hypericum perforatum 11.8, Cynara cardunculus 11.8, Malope 
malacoides 11.7, Hippocrepis unisiliquosa 11.7, Vulpia ligustica 11.6, Stipa austroitalica 11.5, 
Sherardia arvensis 11.5, Asphodelus ramosus 11.5, Silene bellidifolia 11.4, Stachys heraclea 11.3, 
Spartium junceum 11.3, Eryngium creticum 11.3, Ephedra major subsp. major 11.3, Phlomis lychnitis 
11.0, Crepis vesicaria 11.0, Biscutella laevigata 10.8, Iris lutescens 10.7, Hyoseris radiata 10.7, Linum 
trigynum 10.4, Crassula vaillantii 10.4, Polygala monspeliaca 10.3, Melica ciliata 10.3, Lotus edulis 
10.3, Bupleurum gussonei 10.3, Phlomis fruticosa 10.2, Petrorhagia prolifera 10.2, Koeleria splendens 
10.2, Bromus hordeaceus 10.2, Linum bienne 10.0  
Constant species: Dactylis glomerata 60, Avena barbata 45, Trifolium campestre 38, Catapodium 
rigidum 36, Anisantha madritensis 35, Plantago lanceolata 34, Sherardia arvensis 32, Reichardia 
picroides 32, Galactites tomentosus 32  
Dominant species: Galactites tomentosus 8, Brachypodium phoenicoides 7, Brachypodium retusum 6, 
Aegilops geniculata 6, Phlomis fruticosa 3, Plantago lagopus 2, Medicago polymorpha 2, Dactylis 
glomerata 2, Cynara cardunculus 2, Avena barbata 2, Asphodelus ramosus 2, Vulpia ciliata 1, Trisetaria 
panicea 1, Trifolium stellatum 1, Trifolium scabrum 1, Trifolium nigrescens 1, Trifolium campestre 1, 
Trifolium angustifolium 1, Thymus vulgaris 1, Scorpiurus muricatus 1, Medicago minima 1, 
Kundmannia sicula 1, Ephedra major subsp. major 1, Dasypyrum villosum 1, Bromus hordeaceus 1, 
Bromopsis erecta 1, Brachypodium rupestre 1, Anisantha madritensis 1  
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Cluster  38  
Echio-Galactition 
Number of relevés: 186  
 
Diagnostic species: Coleostephus myconis 52.2, Galactites tomentosus 37.1, Vulpia geniculata 35.2, 
Echium plantagineum 30.9, Anthoxanthum ovatum 21.6, Crepis capillaris 21.3, Andryala integrifolia 
20.9, Tolpis barbata 20.7, Holcus annuus 20.7, Leontodon saxatilis 20.1, Briza minor 20.0, Cladanthus 
mixtus 19.9, Mentha suaveolens 19.2, Gaudinia fragilis 19.1, Silene gallica 18.8, Neoschischkinia 
pourrettii 18.2, Trifolium isthmocarpum 17.9, Parentucellia viscosa 17.6, Malva hispanica 17.6, 
Trifolium cernuum 16.3, Pseudarrhenatherum longifolium 16.3, Briza maxima 16.2, Avena barbata 
16.2, Trifolium pallidum 16.1, Trifolium glomeratum 15.9, Ornithopus compressus 15.8, Stachys 
arvensis 15.7, Phalaris coerulescens 15.0, Linum bienne 15.0, Cynosurus elegans 14.7, Chamaemelum 
fuscatum 14.7, Biscutella baetica 14.6, Lolium multiflorum 14.2, Medicago doliata 13.8, Bromus 
hordeaceus 13.7, Verbascum dentifolium 13.4, Cistus ladanifer 13.4, Daucus crinitus 13.3, Cynara 
humilis 13.2, Rumex bucephalophorus 12.9, Quercus pyrenaica 12.8, Trachynia distachya 12.6, 
Tordylium officinale 12.5, Silene laeta 12.5, Trisetaria panicea 12.0, Avena byzantina 11.8, Rumex 
arifolius 11.6, Geranium robertianum 11.5, Trifolium angustifolium 11.2, Agrostis castellana 11.1, 
Ferula communis 10.9, Tolpis umbellata 10.8, Stellaria alsine 10.8, Medicago polymorpha 10.5, 
Campanula rapunculus 10.5, Brassica oleracea 10.5, Cynara cardunculus 10.4, Oenanthe crocata 10.3, 
Pteridium aquilinum 10.1  
Constant species: Galactites tomentosus 59, Coleostephus myconis 58, Echium plantagineum 42, 
Avena barbata 38, Bromus hordeaceus 37, Holcus annuus 34  
Dominant species: Galactites tomentosus 19, Vulpia geniculata 12, Coleostephus myconis 12, Phalaris 
coerulescens 4, Lolium multiflorum 4, Holcus annuus 4, Anisantha rigida 4, Trachynia distachya 3, 
Tordylium officinale 3, Gaudinia fragilis 3, Echium vulgare 3, Echium plantagineum 3, Chamaemelum 
fuscatum 3, Bromus hordeaceus 3, Vulpia myuros 2, Trifolium subterraneum 2, Trifolium pallidum 2, 
Trifolium glomeratum 2, Trifolium campestre 2, Rumex bucephalophorus 2, Lolium rigidum 2, Cynara 
cardunculus 2, Cladanthus mixtus 2, Avena barbata 2, Anthoxanthum ovatum 2, Vulpia bromoides 1, 
Tolpis barbata 1, Stipa capensis 1, Scolymus maculatus 1, Plantago lagopus 1, Mentha suaveolens 1, 
Leontodon saxatilis 1, Avena sterilis 1, Arctotheca calendula 1, Agrostis castellana 1, Aegilops 
geniculata 1  
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Cluster  39  
Laguro ovati-Vulpion fasciculatae & Laguro-Bromion rigidi 
Number of relevés: 237  
 
Diagnostic species: Vulpia fasciculata 69.6, Lagurus ovatus 49.5, Rostraria pubescens 39.8, Medicago 
littoralis 38.6, Lotus creticus 38.5, Elytrigia juncea 37.9, Ononis variegata 37.2, Anisantha rigida 37.1, 
Ambrosia psilostachya 37.0, Cutandia maritima 35.6, Silene niceensis 33.5, Silene sericea 33.1, 
Pseudorlaya pumila 29.9, Euphorbia terracina 28.1, Matthiola tricuspidata 27.1, Silene colorata 27.0, 
Tripidium ravennae 25.9, Petrorhagia glumacea 23.1, Echinophora spinosa 22.1, Verbascum niveum 
21.4, Malcolmia ramosissima 19.7, Sporobolus virginicus 19.4, Echium humile 19.4, Anchusa crispa 
19.0, Centaurea sphaerocephala 18.9, Erodium laciniatum 18.7, Medicago marina 18.5, Corynephorus 
articulatus 18.1, Calystegia soldanella 17.2, Ononis diffusa 17.0, Plantago coronopus 16.4, Cakile 
maritima 16.4, Launaea fragilis 15.9, Cyperus capitatus 15.8, Cutandia divaricata 14.5, Crepis 
bellidifolia 14.5, Lomelosia rutifolia 14.2, Rumex bucephalophorus 13.2, Koeleria pyramidata aggr. 
13.2, Hedypnois rhagadioloides 12.8, Sonchus bulbosus 12.7, Sporobolus pungens 11.8, Hypecoum 
procumbens 11.5, Eryngium maritimum 11.5, Catapodium marinum 11.5, Lotus cytisoides 11.0, 
Schoenus nigricans 10.9, Cardopatium corymbosum 10.8, Euphorbia paralias 10.6, Parapholis incurva 
10.5, Silene coelirosa 10.3, Maresia nana 10.3  
Constant species: Lagurus ovatus 64, Vulpia fasciculata 61, Anisantha rigida 45, Medicago littoralis 
36  
Dominant species: Vulpia fasciculata 20, Anisantha rigida 12, Lagurus ovatus 10, Ambrosia 
psilostachya 8, Lolium rigidum 6, Medicago littoralis 5, Hedypnois rhagadioloides 5, Silene colorata 4, 
Rostraria pubescens 4, Trifolium scabrum 3, Rumex bucephalophorus 3, Petrorhagia glumacea 3, 
Hordeum murinum aggr. 2, Corynephorus articulatus 2, Cladanthus mixtus 2, Anisantha madritensis 2, 
Thymbra capitata 1, Silene coelirosa 1, Matthiola tricuspidata 1, Cerastium semidecandrum 1  
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Cluster  40  
Sisymbrion  
Number of relevés: 581  
 
Diagnostic species: Hordeum murinum aggr. 30.1, Sisymbrium officinale 25.1, Anisantha sterilis 19.6, 
Lolium perenne 17.9, Lactuca virosa 15.3, Malva sylvestris 14.2, Bromus hordeaceus 13.8, Anisantha 
diandra 10.7, Torilis arvensis 10.3  
Constant species: Hordeum murinum aggr. 98, Sisymbrium officinale 58, Lolium perenne 56, 
Anisantha sterilis 54, Capsella bursa-pastoris 44, Bromus hordeaceus 37, Convolvulus arvensis 36, 
Ochlopoa annua 34  
Dominant species: Hordeum murinum aggr. 73, Anisantha sterilis 8, Sisymbrium officinale 6, Lolium 
perenne 4, Anisantha diandra 3, Urtica dioica 2, Malva sylvestris 2, Bromus hordeaceus 2, Anisantha 
rigida 1  
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Cluster  41  
Transition 
Number of relevés: 499  
 
Diagnostic species: Armeria maritima 16.2, Ononis mitissima 11.7, Brassica nigra 11.6, 
Tripleurospermum maritimum 10.0  
Constant species: Sonchus oleraceus 31  
Dominant species: Tripleurospermum maritimum 5, Brassica nigra 5, Festuca rubra aggr. 4, Malva 
arborea 2, Lolium multiflorum 2, Carduus tenuiflorus 2, Beta vulgaris 2, Anthemis cotula 2, Torilis 
nodosa 1, Papaver rhoeas 1, Ochlopoa annua 1, Medicago lupulina 1, Erodium cicutarium 1, 
Calamagrostis epigejos 1  
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Cluster  42  
Convolvulo-Elytrigion [Artemisietea vulgaris] 
Number of relevés: 578  
 
Diagnostic species:   
Constant species: Cirsium arvense 58, Elytrigia repens 46, Convolvulus arvensis 41  
Dominant species: Cirsium arvense 9, Elytrigia repens 7, Equisetum arvense 3, Convolvulus arvensis 3, 
Trifolium pratense 2, Lepidium draba 2, Bunias orientalis 2, Arrhenatherum elatius 2, Tussilago farfara 
1, Papaver rhoeas 1  
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Cluster  43  
Atriplicion / Sisymbrion 
Number of relevés: 199  
 
Diagnostic species: Anisantha sterilis 32.7, Calepina irregularis 24.7, Cynanchum acutum 22.0, Cirsium 
laniflorum 19.2, Aegilops cylindrica 17.3, Lactuca serriola 16.7, Senecio leucanthemifolius 16.2, 
Euphorbia esula 14.3, Allium decipiens subsp. decipiens 14.1, Sisymbrium orientale 13.9, Atriplex 
sagittata 13.9, Crepis pulchra 13.6, Allium atroviolaceum 13.5, Tragopogon dubius 13.2, Papaver 
dubium aggr. 12.3, Consolida orientalis 12.0, Centaurea diffusa 11.5, Descurainia sophia 10.5  
Constant species: Anisantha sterilis 85, Convolvulus arvensis 65, Cirsium arvense 52, Lactuca serriola 
51, Hordeum murinum aggr. 35, Capsella bursa-pastoris 33  
Dominant species: Anisantha sterilis 46, Hordeum murinum aggr. 6, Convolvulus arvensis 6, Cirsium 
arvense 5, Sambucus ebulus 3, Robinia pseudoacacia 3, Rapistrum rugosum 3, Lactuca serriola 3, 
Capsella bursa-pastoris 3, Vulpia myuros 2, Sisymbrium orientale 2, Rumex acetosella aggr. 2, Papaver 
dubium aggr. 2, Elytrigia repens 2, Descurainia sophia 2, Cynodon dactylon 2, Cynanchum acutum 2, 
Atriplex sagittata 2, Poa trivialis 1, Papaver rhoeas 1, Lepidium draba 1, Dasypyrum villosum 1, Crepis 
pulchra 1, Bromus arvensis 1, Asperugo procumbens 1, Artemisia vulgaris aggr. 1, Aegilops cylindrica 
1  
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Cluster  44  
Transition 
Number of relevés: 217  
 
Diagnostic species: Consolida orientalis 14.5, Convolvulus arvensis 13.7  
Constant species: Convolvulus arvensis 98, Cirsium arvense 39  
Dominant species: Convolvulus arvensis 19, Cirsium arvense 2, Tulipa sylvestris 1, Elytrigia repens 1  
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Cluster  45  
Salsolion ruthenicae 
Number of relevés: 106  
 
Diagnostic species: Anisantha tectorum 38.3, Plantago arenaria 18.6, Gypsophila perfoliata 15.0, 
Eryngium maritimum 14.4, Anthemis ruthenica 14.2, Juncus acutus 13.0, Cenchrus longispinus 12.5, 
Senecio leucanthemifolius 11.5, Silene conica 10.7, Centaurea arenaria 10.5, Secale sylvestre 10.4, 
Lepidium densiflorum 10.2, Leymus racemosus 10.1  
Constant species: Anisantha tectorum 98  
Dominant species: Anisantha tectorum 52, Cynodon dactylon 2, Atriplex tatarica 2  
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Cluster  46  
Salsolion ruthenicae 
Number of relevés: 100  
 
Diagnostic species: Corispermum intermedium 87.8, Corynephorus canescens 43.7, Oenothera biennis 
aggr. 29.4, Senecio viscosus 26.8, Helichrysum arenarium 25.9, Lepidium densiflorum 24.0, Artemisia 
campestris 23.9, Anisantha tectorum 20.8, Carex arenaria 20.0, Salsola kali aggr. 18.7, Calamagrostis 
epigejos 17.3, Sedum acre 16.9, Berteroa incana 16.5, Koeleria glauca 14.6, Sisymbrium altissimum 
14.4, Salix viminalis 14.4, Salix cinerea 14.4, Erigeron canadensis 14.4, Carex hirta 13.6, Cakile 
maritima 12.8, Phleum arenarium 11.8, Echium vulgare 11.3, Plantago arenaria 11.1, Festuca rubra 
aggr. 11.1, Pinus sylvestris 10.3  
Constant species: Corispermum intermedium 87, Erigeron canadensis 60, Anisantha tectorum 56, 
Corynephorus canescens 38, Salsola kali aggr. 34  
Dominant species: Corispermum intermedium 15, Helichrysum arenarium 3, Salsola kali aggr. 2, 
Corynephorus canescens 2, Anisantha tectorum 2, Rumex acetosella aggr. 1, Plantago arenaria 1, 
Koeleria glauca 1, Elytrigia repens 1, Digitaria ischaemum 1  
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Cluster  47  
Atriplicion / Salsolion ruthenicae 
Number of relevés: 384  
 
Diagnostic species: Epilobium brachycarpum 37.6, Sisymbrium altissimum 22.1, Erigeron canadensis 
20.6, Senecio viscosus 19.1, Oenothera biennis aggr. 14.0, Epilobium ciliatum 12.6, Oenothera 
pycnocarpa 12.4, Epilobium tetragonum 11.5, Filago arvensis 10.7, Senecio leucanthemifolius 10.3  
Constant species: Erigeron canadensis 80, Tripleurospermum inodorum 45, Chenopodium album 37, 
Artemisia vulgaris aggr. 36, Elytrigia repens 33, Arenaria serpyllifolia aggr. 32, Apera spica-venti 31  
Dominant species: Erigeron canadensis 15, Epilobium brachycarpum 4, Elytrigia repens 3, Sisymbrium 
altissimum 2, Anisantha tectorum 2, Sisymbrium loeselii 1, Medicago lupulina 1, Lipandra polysperma 
1, Corispermum intermedium 1, Capsella bursa-pastoris 1, Arenaria serpyllifolia aggr. 1, Apera spica-
venti 1, Amaranthus retroflexus 1  
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Cluster  48  
Euphorbietalia prostratae  
Number of relevés: 340  
 
Diagnostic species: Eragrostis minor 30.7, Euphorbia maculata 26.7, Eragrostis albensis 15.3, Achillea 
ochroleuca 15.3, Tragus racemosus 15.1, Eleusine indica 14.1, Polygonum depressum 13.0, 
Polycnemum majus 12.2, Panicum capillare 12.2, Petasites paradoxus 12.0, Knautia drymeia 10.8, 
Achnatherum calamagrostis 10.8, Digitaria sanguinalis 10.3, Portulaca oleracea 10.2, Setaria viridis 
10.1  
Constant species: Eragrostis minor 50, Erigeron canadensis 41, Setaria viridis 37, Digitaria sanguinalis 
34, Portulaca oleracea 31  
Dominant species: Eragrostis minor 13, Panicum capillare 6, Euphorbia maculata 6, Tragus racemosus 
5, Setaria viridis 4, Eleusine indica 4, Oxalis corniculata 3, Herniaria hirsuta 3, Portulaca oleracea 2, 
Plantago arenaria 2, Euphorbia chamaesyce 2, Digitaria sanguinalis 2, Euphorbia prostrata 1, Erigeron 
canadensis 1, Arenaria serpyllifolia aggr. 1  
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Cluster  49  
Transition 
Number of relevés: 138  
 
Diagnostic species: Polygonum aviculare aggr. 14.7, Helianthus lenticularis 14.4, Atriplex micrantha 
10.8, Lepidium ruderale 10.5  
Constant species: Polygonum aviculare aggr. 100, Chenopodium album 60, Plantago major 40, 
Convolvulus arvensis 38, Capsella bursa-pastoris 36, Lolium perenne 32  
Dominant species: Polygonum aviculare aggr. 41, Chenopodium album 11, Malva neglecta 3, Atriplex 
patula 3, Fallopia convolvulus 2, Oxybasis glauca 1, Lepidium ruderale 1, Elytrigia repens 1, Bunias 
orientalis 1  
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Cluster  50  
Malvion neglectae  
Number of relevés: 154  
 
Diagnostic species: Malva pusilla 59.3, Xanthium spinosum 41.2, Verbena officinalis 29.9, Oxybasis 
urbica 21.4, Arctium minus 21.2, Marrubium vulgare 17.5, Amaranthus crispus 17.3, Datura 
stramonium 16.1, Chaiturus marrubiastrum 16.1, Leonurus cardiaca 15.8, Potentilla supina 15.7, 
Lepidium ruderale 15.4, Anthemis cotula 15.4, Malva neglecta 14.9, Ballota nigra 13.9, Pulicaria 
vulgaris 13.7, Xanthium strumarium s.l. 13.1, Hyoscyamus niger 12.5, Amaranthus retroflexus 12.1, 
Urtica urens 11.8, Scrophularia scopolii 11.6, Sisymbrium officinale 11.1, Artemisia annua 10.0  
Constant species: Malva pusilla 69, Xanthium spinosum 61, Polygonum aviculare aggr. 60, Verbena 
officinalis 50, Amaranthus retroflexus 50, Plantago major 35, Lolium perenne 33, Chenopodium album 
32, Malva neglecta 31  
Dominant species: Malva pusilla 50, Xanthium spinosum 20, Datura stramonium 5, Setaria pumila 3, 
Cynodon dactylon 3, Carduus acanthoides 2, Urtica dioica 1, Polygonum depressum 1, Polygonum 
aviculare aggr. 1, Malva neglecta 1, Dysphania ambrosioides 1  
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Cluster  51  
Atriplicion 
Number of relevés: 84  
 
Diagnostic species: Atriplex tatarica 69.5, Puccinellia distans 20.2, Spergularia media 17.3, Xanthium 
spinosum 13.5, Hordeum murinum aggr. 11.4, Lepidium ruderale 11.3, Xanthium strumarium s.l. 10.4, 
Iva xanthiifolia 10.2  
Constant species: Atriplex tatarica 100, Polygonum aviculare aggr. 57, Hordeum murinum aggr. 43, 
Chenopodium album 36, Amaranthus retroflexus 31  
Dominant species: Atriplex tatarica 90, Atriplex patula 2, Xanthium spinosum 1, Sinapis alba 1, Cuscuta 
campestris 1, Chenopodium album 1, Arctium lappa 1  
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Cluster  52  
Atriplicion 
Number of relevés: 474  
 
Diagnostic species: Atriplex sagittata 22.8, Lactuca serriola 18.1, Sisymbrium loeselii 16.3, Descurainia 
sophia 12.2, Onopordum acanthium 11.8, Ballota nigra 10.9, Artemisia vulgaris aggr. 10.9  
Constant species: Chenopodium album 56, Lactuca serriola 55, Polygonum aviculare aggr. 45, 
Capsella bursa-pastoris 45, Elytrigia repens 42, Erigeron canadensis 39, Artemisia vulgaris aggr. 39, 
Tripleurospermum inodorum 37, Descurainia sophia 31, Convolvulus arvensis 31  
Dominant species: Atriplex sagittata 11, Descurainia sophia 8, Lactuca serriola 7, Sisymbrium loeselii 
5, Iva xanthiifolia 4, Chenopodium strictum s.l. 4, Onopordum acanthium 3, Erigeron canadensis 3, 
Chenopodium album 3, Asperugo procumbens 3, Tripleurospermum inodorum 2, Polygonum aviculare 
aggr. 2, Hordeum murinum aggr. 2, Elytrigia repens 2, Capsella bursa-pastoris 2, Atriplex oblongifolia 
2, Malva sylvestris 1, Berteroa incana 1, Artemisia vulgaris aggr. 1  
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Cluster  53  
Atriplicion / Chenopodion rubri 
Number of relevés: 380  
 
Diagnostic species: Oxybasis rubra 24.0, Atriplex calotheca 20.1, Myosoton aquaticum 17.6, 
Phalaroides arundinacea 17.2, Sisymbrium supinum 14.4, Senecio squalidus 13.8, Rumex obtusifolius 
13.3, Rorippa islandica 12.8, Poa palustris 12.4, Urtica dioica 12.3, Matricaria discoidea 12.2, 
Sisymbrium officinale 11.9, Oxybasis glauca 11.9, Artemisia vulgaris aggr. 11.4, Plantago major 11.0, 
Ochlopoa annua 10.9, Impatiens noli-tangere 10.2  
Constant species: Chenopodium album 77, Polygonum aviculare aggr. 60, Ochlopoa annua 57, 
Capsella bursa-pastoris 57, Tripleurospermum inodorum 51, Plantago major 49, Stellaria media aggr. 
46, Persicaria lapathifolia 40, Artemisia vulgaris aggr. 40, Senecio vulgaris 37, Elytrigia repens 35, 
Cirsium arvense 35, Sonchus oleraceus 33, Urtica dioica 32  
Dominant species: Tripleurospermum inodorum 13, Persicaria lapathifolia 7, Sisymbrium officinale 4, 
Polygonum aviculare aggr. 3, Matricaria discoidea 3, Chenopodium album 3, Stellaria media aggr. 2, 
Persicaria maculosa 2, Oxybasis rubra 2, Ochlopoa annua 2, Matricaria chamomilla 2, Elytrigia repens 
2, Atriplex patula 2, Atriplex calotheca 2, Anthemis cotula 2, Trifolium hybridum 1, Persicaria 
hydropiper 1, Capsella bursa-pastoris 1  
 
 
 
 
 
 
 
 
 
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  54  
Atriplicion 
Number of relevés: 240  
 
Diagnostic species: Chenopodium suecicum 18.9, Atriplex patula 14.4, Atriplex sagittata 12.8, 
Chenopodium strictum s.l. 12.0, Chenopodium album 11.5, Artemisia vulgaris aggr. 11.1, Urtica dioica 
10.9, Ballota nigra 10.3, Chenopodiastrum hybridum 10.1  
Constant species: Chenopodium album 93, Tripleurospermum inodorum 49, Elytrigia repens 43, 
Atriplex patula 39, Artemisia vulgaris aggr. 39, Capsella bursa-pastoris 34, Polygonum aviculare aggr. 
33, Echinochloa crus-galli 32  
Dominant species: Chenopodium album 49, Atriplex patula 10, Chenopodium suecicum 4, 
Chenopodium strictum s.l. 4, Chenopodium ficifolium 2, Chenopodiastrum hybridum 2, Artemisia 
annua 2, Amaranthus retroflexus 2, Amaranthus blitum 2, Tripleurospermum inodorum 1, Oxybasis 
glauca 1, Hibiscus trionum 1, Fallopia convolvulus 1  
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Cluster  55  
Malvion neglectae 
Number of relevés: 231  
 
Diagnostic species: Malva neglecta 51.5, Urtica urens 24.1, Sisymbrium officinale 22.3, Blitum bonus-
henricus 13.8, Lolium perenne 13.7, Leonurus cardiaca 13.7, Urtica dioica 12.4, Verbena officinalis 
11.7, Ochlopoa annua 11.1, Matricaria discoidea 11.1, Lamium maculatum 10.8, Galinsoga parviflora 
10.4  
Constant species: Malva neglecta 97, Ochlopoa annua 58, Polygonum aviculare aggr. 55, Capsella 
bursa-pastoris 55, Urtica urens 52, Sisymbrium officinale 52, Lolium perenne 45, Plantago major 43, 
Galinsoga parviflora 34, Chenopodium album 34, Taraxacum sect. Taraxacum 33, Urtica dioica 32  
Dominant species: Malva neglecta 68, Urtica urens 5, Datura stramonium 4, Polygonum aviculare 
aggr. 3, Polygonum depressum 2, Amaranthus blitum 2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  56  
Chenopodion muralis 
Number of relevés: 407  
 
Diagnostic species: Symphyotrichum squamatum 33.0, Bassia scoparia 28.1, Halogeton sativus 24.1, 
Atriplex rosea 23.9, Erigeron bonariensis 23.7, Chenopodiastrum murale 23.5, Chenopodium 
opulifolium 22.6, Amaranthus muricatus 17.1, Vogtia annua 15.6, Chenopodium vulvaria 15.5, 
Erigeron sumatrensis 15.2, Amaranthus deflexus 15.1, Amaranthus viridis 13.6, Amaranthus blitoides 
12.9, Senecio linifolius 12.1, Mirabilis jalapa 10.1  
Constant species: Chenopodium album 58, Chenopodiastrum murale 32  
Dominant species: Bassia scoparia 10, Chenopodiastrum murale 8, Chenopodium album 7, 
Symphyotrichum squamatum 5, Erigeron bonariensis 5, Erigeron sumatrensis 4, Amaranthus deflexus 
4, Salsola kali aggr. 3, Halogeton sativus 3, Amaranthus muricatus 3, Vogtia annua 2, Polygonum 
aviculare aggr. 2, Chenopodium vulvaria 2, Chenopodium opulifolium 2, Bassia hyssopifolia 2, Atriplex 
rosea 2, Cynara scolymus 1, Amaranthus viridis 1  
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Cluster  57  
Eragrostion/Diplotaxion erucoidis 
Number of relevés: 315  
 
Diagnostic species: Heliotropium europaeum 19.5, Amaranthus retroflexus 18.5, Amaranthus 
graecizans 16.0, Amaranthus blitoides 12.6, Portulaca oleracea 11.2, Dysphania botrys 11.0, Setaria 
viridis 10.3  
Constant species: Chenopodium album 76, Amaranthus retroflexus 70, Convolvulus arvensis 43, 
Setaria viridis 37, Portulaca oleracea 33, Polygonum aviculare aggr. 33, Cynodon dactylon 33, 
Heliotropium europaeum 32, Echinochloa crus-galli 32, Solanum nigrum 31  
Dominant species: Amaranthus retroflexus 17, Chenopodium album 12, Dysphania botrys 4, Diplotaxis 
erucoides 4, Solanum nigrum 2, Setaria viridis 2, Portulaca oleracea 2, Echinochloa crus-galli 2, 
Dittrichia graveolens 2, Convolvulus arvensis 2, Cirsium arvense 2, Amaranthus blitoides 2, Xanthium 
orientale 1, Digitaria sanguinalis 1  
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Cluster  58  
Eragrostion/Diplotaxion erucoidis 
Number of relevés: 232  
 
Diagnostic species: Chrozophora tinctoria 48.8, Amaranthus blitoides 44.6, Heliotropium europaeum 
36.8, Amaranthus albus 26.5, Teucrium spinosum 19.0, Kickxia lanigera 18.5, Tribulus terrestris 17.4, 
Euphorbia chamaesyce 16.0, Chenopodium vulvaria 16.0, Xanthium spinosum 15.7, Chondrilla juncea 
14.8, Cucumis myriocarpus 14.6, Pulicaria arabica subsp. hispanica 10.9, Vogtia microphylla 10.4  
Constant species: Amaranthus blitoides 62, Convolvulus arvensis 61, Chenopodium album 59, 
Heliotropium europaeum 58, Amaranthus albus 46, Chondrilla juncea 31  
Dominant species: Amaranthus blitoides 19, Heliotropium europaeum 5, Amaranthus albus 5, 
Convolvulus arvensis 3, Tribulus terrestris 2, Polygonum aviculare aggr. 2, Kickxia elatine 2, 
Chrozophora tinctoria 2, Teucrium spinosum 1, Amaranthus retroflexus 1  
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Cluster  59  
Eragrostion 
Number of relevés: 179  
 
  
Diagnostic species: Cynodon dactylon 33.9, Tripleurospermum tenuifolium 21.7, Verbascum 
banaticum 14.3, Sorghum halepense 10.5  
Constant species: Cynodon dactylon 98, Convolvulus arvensis 55, Amaranthus retroflexus 36, 
Chenopodium album 35  
Dominant species: Cynodon dactylon 60, Convolvulus arvensis 6, Sorghum halepense 4, Echinochloa 
crus-galli 3, Ambrosia artemisiifolia 2, Xanthium spinosum 1, Tragus racemosus 1  
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Cluster  60  
Bidentetea/Isoeto-Nanojuncetea 
Number of relevés: 317  
 
Diagnostic species: Rumex stenophyllus 16.5, Amaranthus emarginatus 16.0, Paspalum distichum 
15.1, Bidens tripartitus 15.1, Xanthium strumarium s.l. 14.7, Helosciadium nodiflorum 12.6, Salix 
eleagnos 12.0, Veronica anagallis-aquatica aggr. 11.9, Hibiscus palustris 11.8, Althaea officinalis 11.0, 
Persicaria lapathifolia 10.6, Lycopus europaeus 10.6, Ranunculus sceleratus 10.2, Alopecurus aequalis 
10.1  
Constant species: Chenopodium album 53, Persicaria lapathifolia 46, Persicaria maculosa 38, 
Echinochloa crus-galli 37  
Dominant species: Persicaria lapathifolia 16, Xanthium strumarium s.l. 11, Raphanus raphanistrum 7, 
Bidens tripartitus 5, Xanthium orientale 3, Persicaria maculosa 3, Digitaria sanguinalis 2, Cyperus 
esculentus 2, Chenopodium album 2  
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Cluster  61  
Chenopodion rubri / Eragrostion 
Number of relevés: 116  
 
Diagnostic species: Corrigiola litoralis 77.2, Panicum capillare 62.8, Eragrostis pilosa 61.3, Dysphania 
ambrosioides 61.1, Cyperus fuscus 44.4, Cyperus michelianus 43.9, Cyperus esculentus 42.6, Dysphania 
botrys 41.6, Populus nigra 40.9, Rorippa amphibia 39.8, Amaranthus blitum 38.6, Salix alba 36.4, 
Barbarea vulgaris 34.4, Rorippa islandica 34.3, Portulaca oleracea 30.6, Lindernia dubia 29.9, Bidens 
frondosus 29.9, Lipandra polysperma 26.6, Digitaria sanguinalis 26.5, Oxybasis glauca 25.6, Saponaria 
officinalis 21.9, Rorippa sylvestris 21.0, Lycopus europaeus 20.3, Phalaroides arundinacea 20.2, 
Echinochloa crus-galli 19.7, Persicaria lapathifolia 18.6, Lythrum salicaria 18.0, Leersia oryzoides 17.6, 
Amaranthus hybridus aggr. 16.7, Paspalum distichum 16.6, Oxalis dillenii 16.6, Gnaphalium uliginosum 
16.3, Veronica anagallis-aquatica aggr. 15.6, Berteroa incana 15.0, Pulicaria vulgaris 14.9, Persicaria 
hydropiper 14.9, Oxybasis rubra 14.8, Xanthium orientale 14.5, Myosoton aquaticum 14.5, Salix 
purpurea 14.1, Lepidium virginicum 14.0, Scrophularia nodosa 11.3, Plantago arenaria 10.4, 
Spergularia rubra 10.1  
Constant species: Corrigiola litoralis 86, Portulaca oleracea 80, Echinochloa crus-galli 79, Digitaria 
sanguinalis 77, Persicaria lapathifolia 72, Panicum capillare 64, Lipandra polysperma 64, Eragrostis 
pilosa 61, Dysphania ambrosioides 57, Chenopodium album 54, Polygonum aviculare aggr. 53, 
Amaranthus blitum 50, Rorippa sylvestris 41, Gnaphalium uliginosum 37, Rorippa islandica 36, 
Dysphania botrys 36, Plantago major 35, Amaranthus hybridus aggr. 33, Setaria viridis 31, Artemisia 
vulgaris aggr. 31  
Dominant species: Corrigiola litoralis 13, Persicaria lapathifolia 10, Echinochloa crus-galli 5, Persicaria 
hydropiper 3, Panicum capillare 3, Eragrostis pilosa 3, Digitaria sanguinalis 3, Portulaca oleracea 2  
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Cluster  62  
Spergulo-Erodion / Eragrostion 
Number of relevés: 199  
 
Diagnostic species: Setaria faberi 24.7, Echinochloa crus-galli 24.5  
Constant species: Echinochloa crus-galli 95, Chenopodium album 61, Elytrigia repens 41, Setaria 
viridis 35, Polygonum aviculare aggr. 32  
Dominant species: Echinochloa crus-galli 39, Setaria viridis 8, Setaria faberi 7, Elytrigia repens 4, 
Chenopodium album 3, Setaria verticillata 2, Lipandra polysperma 2, Digitaria ischaemum 2, 
Convolvulus arvensis 2, Stellaria media aggr. 1, Solanum nigrum 1, Setaria pumila 1, Erigeron 
canadensis 1, Ambrosia artemisiifolia 1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  63  
Eragrostion 
Number of relevés: 299  
 
Diagnostic species: Setaria verticillata 41.2, Cyperus rotundus 27.1, Echinochloa colonum 25.6, 
Amaranthus hybridus aggr. 25.1, Portulaca oleracea 22.3, Digitaria sanguinalis 21.2, Paspalum 
vaginatum 20.5, Heliotropium hirsutissimum 18.6, Amaranthus viridis 15.5, Solanum nigrum 14.6, 
Sorghum halepense 13.8, Echinochloa crus-galli 12.9, Setaria verticilliformis 12.2, Amaranthus 
graecizans 11.3, Amaranthus blitoides 10.9, Eragrostis virescens 10.5, Oxalis latifolia 10.3, Erigeron 
bonariensis 10.3, Eragrostis cilianensis 10.0  
Constant species: Chenopodium album 73, Digitaria sanguinalis 63, Setaria verticillata 62, Portulaca 
oleracea 60, Echinochloa crus-galli 57, Solanum nigrum 51, Amaranthus hybridus aggr. 47, 
Convolvulus arvensis 41, Sonchus oleraceus 39, Setaria pumila 39, Amaranthus retroflexus 38  
Dominant species: Digitaria sanguinalis 18, Setaria verticillata 14, Echinochloa crus-galli 11, 
Amaranthus hybridus aggr. 9, Setaria pumila 8, Portulaca oleracea 5, Cyperus rotundus 4, Echinochloa 
colonum 3, Chenopodium album 3, Stellaria media aggr. 2, Solanum nigrum 2, Setaria viridis 2, Rumex 
obtusifolius 2, Paspalum vaginatum 2, Polygonum aviculare aggr. 1, Oxalis latifolia 1, Cynodon 
dactylon 1, Convolvulus arvensis 1, Ceratochloa cathartica 1, Amaranthus retroflexus 1, Amaranthus 
blitoides 1  
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Cluster  64  
Eragrostion 
Number of relevés: 118  
 
Diagnostic species: Portulaca oleracea 38.8, Digitaria sanguinalis 19.8, Teloxys aristata 15.2, 
Amaranthus retroflexus 12.9, Eragrostis minor 12.6, Bidens aureus 11.9  
Constant species: Portulaca oleracea 100, Digitaria sanguinalis 59, Chenopodium album 55, 
Amaranthus retroflexus 53, Convolvulus arvensis 41, Erigeron canadensis 32, Echinochloa crus-galli 
32  
Dominant species: Portulaca oleracea 44, Digitaria sanguinalis 6, Echinochloa crus-galli 3, Amaranthus 
retroflexus 3, Amaranthus hybridus aggr. 3, Teloxys aristata 2, Cyperus longus 2  
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Cluster  65  
Spergulo-Erodion / Eragrostion 
Number of relevés: 142  
 
Diagnostic species: Digitaria sanguinalis 33.5, Setaria pumila 17.3, Leontodon hispidus 13.3, 
Echinochloa crus-galli 12.2, Pilosella piloselloides 10.9  
Constant species: Digitaria sanguinalis 95, Setaria pumila 64, Echinochloa crus-galli 54, Convolvulus 
arvensis 49, Chenopodium album 40, Amaranthus retroflexus 39  
Dominant species: Digitaria sanguinalis 56, Echinochloa crus-galli 6, Calystegia sepium 4, Stellaria 
media aggr. 3, Cynodon dactylon 3, Convolvulus arvensis 3, Setaria viridis 2, Ranunculus repens 2, 
Portulaca oleracea 1, Ochlopoa annua 1, Corrigiola litoralis 1, Amaranthus retroflexus 1  
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Cluster  66  
Eragrostion 
Number of relevés: 59  
 
Diagnostic species: Vitis vinifera 89.9, Corispermum nitidum 55.9, Tragus racemosus 46.3, Eragrostis 
minor 42.2, Amaranthus albus 35.0, Salsola kali aggr. 33.0, Digitaria sanguinalis 25.6, Portulaca 
oleracea 25.4, Setaria pumila 21.2, Amaranthus retroflexus 18.7, Tribulus terrestris 17.5, Crepis setosa 
16.6, Veronica anagalloides 15.2, Anisantha tectorum 13.0, Erigeron canadensis 11.7  
Constant species: Vitis vinifera 93, Setaria pumila 76, Digitaria sanguinalis 75, Chenopodium album 
71, Amaranthus retroflexus 71, Portulaca oleracea 68, Eragrostis minor 68, Amaranthus albus 59, 
Salsola kali aggr. 58, Erigeron canadensis 51, Tragus racemosus 41, Anisantha tectorum 37, Fallopia 
convolvulus 36, Corispermum nitidum 36  
Dominant species: Digitaria sanguinalis 19, Tragus racemosus 8, Amaranthus retroflexus 8, Portulaca 
oleracea 7, Eragrostis minor 5, Anisantha tectorum 5, Persicaria lapathifolia 3, Fallopia convolvulus 3, 
Tribulus terrestris 2, Elytrigia repens 2, Cyperus glomeratus 2, Chenopodium album 2  
 
 
 
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  67  
Spergulo-Erodion 
Number of relevés: 270  
 
Diagnostic species: Setaria pumila 25.9, Echinochloa crus-galli 14.8, Lipandra polysperma 10.8, 
Symphytum officinale aggr. 10.7  
Constant species: Setaria pumila 91, Echinochloa crus-galli 63, Convolvulus arvensis 51, 
Chenopodium album 46, Cirsium arvense 33, Persicaria lapathifolia 31  
Dominant species: Setaria pumila 29, Echinochloa crus-galli 11, Convolvulus arvensis 8, Lipandra 
polysperma 2, Ambrosia artemisiifolia 2, Tripleurospermum inodorum 1, Plantago major 1, Persicaria 
maculosa 1, Galinsoga quadriradiata 1, Galinsoga parviflora 1, Chenopodium album 1  
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Cluster  68  
Spergulo-Erodion /Atriplicion 
Number of relevés: 110  
 
Diagnostic species: Ambrosia artemisiifolia 46.3, Bassia scoparia 13.1, Ambrosia trifida 12.2, Iva 
xanthiifolia 11.8, Centaurea nigrescens 10.3  
Constant species: Ambrosia artemisiifolia 98, Chenopodium album 62, Erigeron canadensis 38, 
Polygonum aviculare aggr. 35, Setaria pumila 34, Convolvulus arvensis 32, Artemisia vulgaris aggr. 32  
Dominant species: Ambrosia artemisiifolia 82, Chenopodium album 7, Veronica hederifolia aggr. 5, 
Polygonum aviculare aggr. 5, Persicaria lapathifolia 5, Datura stramonium 5, Convolvulus arvensis 5, 
Echinochloa crus-galli 4, Amaranthus retroflexus 4, Trifolium arvense 3, Sonchus arvensis 3, Setaria 
pumila 3, Hibiscus trionum 3, Galium aparine 3, Solanum nigrum 2, Mentha arvensis 2, Matricaria 
chamomilla 2, Lamium purpureum 2, Fallopia convolvulus 2, Cirsium arvense 2  
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Cluster  69  
Spergulo-Erodion / Caucalidion 
Number of relevés: 291  
 
Diagnostic species: Kickxia elatine 33.2, Stachys annua 29.3, Anagallis foemina 28.6, Ambrosia 
artemisiifolia 23.1, Euphorbia falcata 23.0, Setaria pumila 22.7, Ajuga chamaepitys 22.1, Silene 
noctiflora 22.0, Oxalis stricta 21.4, Solidago gigantea 20.5, Cerinthe minor 17.6, Anagallis arvensis 
17.4, Oxalis dillenii 17.2, Kickxia spuria 16.5, Epilobium tetragonum 14.3, Nigella arvensis 14.0, Reseda 
lutea 13.7, Panicum miliaceum 13.2, Consolida regalis 12.7, Linaria vulgaris 12.6, Microrrhinum minus 
12.1, Euphorbia exigua 12.1, Erigeron canadensis 12.0, Lipandra polysperma 11.8, Lathyrus tuberosus 
11.5, Tripleurospermum inodorum 11.1, Amaranthus hybridus aggr. 11.0, Plantago major 10.9, 
Polygonum aviculare aggr. 10.7, Medicago lupulina 10.1  
Constant species: Anagallis arvensis 83, Setaria pumila 81, Polygonum aviculare aggr. 81, 
Convolvulus arvensis 75, Chenopodium album 74, Cirsium arvense 69, Fallopia convolvulus 66, Viola 
arvensis 57, Tripleurospermum inodorum 55, Stachys annua 53, Erigeron canadensis 52, Ambrosia 
artemisiifolia 51, Plantago major 48, Echinochloa crus-galli 46, Oxalis stricta 43, Elytrigia repens 43, 
Kickxia elatine 42, Anagallis foemina 40, Taraxacum sect. Taraxacum 39, Consolida regalis 38, Silene 
noctiflora 35, Medicago lupulina 34, Sonchus asper 32, Setaria viridis 32, Lipandra polysperma 31  
Dominant species: Setaria pumila 18, Stachys annua 13, Polygonum aviculare aggr. 7, Ambrosia 
artemisiifolia 7, Oxalis stricta 5, Kickxia elatine 3, Fallopia convolvulus 3, Anagallis arvensis 3, 
Tripleurospermum inodorum 2, Rubus caesius 2, Plantago major 2, Erigeron canadensis 2, 
Chenopodium album 2, Setaria viridis 1, Oxalis dillenii 1, Elytrigia repens 1, Digitaria sanguinalis 1, 
Daucus carota 1, Convolvulus arvensis 1, Cirsium arvense 1  
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Cluster  70  
Spergulo-Erodion 
Number of relevés: 312  
 
Diagnostic species: Echinochloa crus-galli 22.7, Galinsoga parviflora 20.9, Amaranthus hybridus aggr. 
14.9, Amaranthus retroflexus 13.6, Setaria pumila 13.3, Chenopodiastrum hybridum 13.3, 
Chenopodium album 10.8  
Constant species: Echinochloa crus-galli 89, Chenopodium album 89, Stellaria media aggr. 61, 
Galinsoga parviflora 61, Capsella bursa-pastoris 58, Amaranthus retroflexus 55, Elytrigia repens 53, 
Cirsium arvense 53, Setaria pumila 52, Tripleurospermum inodorum 50, Fallopia convolvulus 48, 
Convolvulus arvensis 44, Polygonum aviculare aggr. 35, Viola arvensis 34, Equisetum arvense 34, 
Persicaria lapathifolia 33  
Dominant species: Echinochloa crus-galli 15, Galinsoga parviflora 14, Chenopodium album 7, 
Amaranthus hybridus aggr. 7, Amaranthus retroflexus 5, Setaria pumila 4, Digitaria sanguinalis 4, 
Convolvulus arvensis 3, Mercurialis annua 2, Ambrosia artemisiifolia 2, Portulaca oleracea 1  
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Cluster  71  
Spergulo-Erodion 
Number of relevés: 182  
 
Diagnostic species: Galinsoga parviflora 35.4, Cerastium arvense 17.6, Galinsoga quadriradiata 13.4, 
Anethum graveolens 11.1, Echinochloa crus-galli 10.6  
Constant species: Galinsoga parviflora 99, Chenopodium album 81, Echinochloa crus-galli 49, 
Capsella bursa-pastoris 46, Convolvulus arvensis 45, Stellaria media aggr. 42, Amaranthus retroflexus 
36, Cirsium arvense 35, Setaria viridis 33, Elytrigia repens 33  
Dominant species: Galinsoga parviflora 51, Stellaria media aggr. 3, Galinsoga quadriradiata 3, 
Digitaria sanguinalis 3, Portulaca oleracea 2, Amaranthus retroflexus 2, Leontodon hispidus 1  
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Cluster  72  
Oxalidion / Spergulo-Erodion 
Number of relevés: 600  
 
Diagnostic species: Galinsoga parviflora 24.1, Calystegia sepium 21.4, Lipandra polysperma 21.1, 
Setaria pumila 19.7, Echinochloa crus-galli 19.3, Rorippa sylvestris 18.4, Amaranthus retroflexus 13.6, 
Stachys palustris 13.4, Symphytum officinale aggr. 12.9, Bidens tripartitus 12.9, Persicaria lapathifolia 
12.4, Mentha arvensis 12.3, Digitaria sanguinalis 11.0, Plantago crassifolia 10.6, Ambrosia 
artemisiifolia 10.5, Potentilla reptans 10.4, Persicaria maculosa 10.1, Lythrum salicaria 10.1  
Constant species: Chenopodium album 84, Echinochloa crus-galli 78, Setaria pumila 72, Galinsoga 
parviflora 70, Convolvulus arvensis 66, Amaranthus retroflexus 55, Cirsium arvense 54, Stellaria 
media aggr. 52, Persicaria lapathifolia 52, Lipandra polysperma 52, Calystegia sepium 45, Persicaria 
maculosa 44, Capsella bursa-pastoris 44, Rorippa sylvestris 36, Mentha arvensis 36, Equisetum arvense 
36, Digitaria sanguinalis 36, Taraxacum sect. Taraxacum 33, Stachys palustris 33, Sonchus arvensis 33, 
Polygonum aviculare aggr. 33, Elytrigia repens 32  
Dominant species: Galinsoga parviflora 16, Echinochloa crus-galli 8, Setaria pumila 7, Convolvulus 
arvensis 5, Chenopodium album 5, Calystegia sepium 4, Ambrosia artemisiifolia 3, Persicaria maculosa 
2, Persicaria lapathifolia 2, Equisetum arvense 2, Cirsium arvense 2, Amaranthus retroflexus 2, Stellaria 
media aggr. 1, Sorghum halepense 1, Lipandra polysperma 1, Galinsoga quadriradiata 1, Digitaria 
sanguinalis 1  
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Cluster  73  
Spergulo-Erodion/Caucalidion 
Number of relevés: 334  
 
Diagnostic species: Euphorbia lamarckii 24.3, Panicum miliaceum 24.0, Crambe hispanica 14.1, Stachys 
annua 12.6, Lactuca tatarica 12.6, Setaria viridis 12.2, Myosotis sylvatica aggr. 10.5, Cirsium arvense 
10.5, Amaranthus retroflexus 10.5  
Constant species: Convolvulus arvensis 79, Chenopodium album 75, Cirsium arvense 73, Fallopia 
convolvulus 50, Amaranthus retroflexus 45, Setaria viridis 43, Echinochloa crus-galli 38, Polygonum 
aviculare aggr. 37, Sonchus arvensis 31, Sinapis arvensis 31  
Dominant species: Panicum miliaceum 4, Amaranthus retroflexus 4, Echinochloa crus-galli 3, Erigeron 
canadensis 2, Convolvulus arvensis 2, Cirsium arvense 2, Galium aparine 1, Galeopsis tetrahit 1, 
Chenopodium album 1  
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Cluster  74  
Eragrostion / Spergulo-Erodion 
Number of relevés: 567  
 
Diagnostic species: Hibiscus trionum 37.9, Sorghum halepense 32.0, Eragrostis cilianensis 23.6, 
Amaranthus retroflexus 20.6, Setaria pumila 20.2, Rubus caesius 18.9, Aristolochia clematitis 18.0, 
Cynodon dactylon 15.2, Chenopodiastrum hybridum 14.8, Solanum nigrum 14.5, Echinochloa crus-galli 
14.4, Digitaria sanguinalis 12.7, Diplotaxis muralis 12.3, Setaria viridis 12.1, Datura stramonium 11.8, 
Convolvulus arvensis 11.2, Xanthium strumarium s.l. 10.1  
Constant species: Convolvulus arvensis 87, Chenopodium album 81, Amaranthus retroflexus 77, 
Setaria pumila 73, Cirsium arvense 67, Echinochloa crus-galli 62, Hibiscus trionum 52, Solanum 
nigrum 50, Cynodon dactylon 48, Sorghum halepense 47, Setaria viridis 43, Digitaria sanguinalis 41, 
Stellaria media aggr. 35, Sinapis arvensis 35, Rubus caesius 35, Fallopia convolvulus 32  
Dominant species: Sorghum halepense 11, Cynodon dactylon 5, Convolvulus arvensis 5, Amaranthus 
retroflexus 5, Stellaria media aggr. 4, Echinochloa crus-galli 4, Chenopodium album 3, Solanum nigrum 
2, Setaria pumila 2, Portulaca oleracea 2, Cirsium arvense 2, Urtica dioica 1, Erigeron canadensis 1, 
Digitaria sanguinalis 1, Aristolochia clematitis 1  
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Cluster  75  
Scleranthion  
Number of relevés: 338  
 
Diagnostic species: Apera spica-venti 13.1  
Constant species: Viola arvensis 53, Apera spica-venti 51, Stellaria media aggr. 49, Polygonum 
aviculare aggr. 47, Capsella bursa-pastoris 46, Fallopia convolvulus 43, Tripleurospermum inodorum 
41, Chenopodium album 40, Ochlopoa annua 39, Matricaria chamomilla 34, Elytrigia repens 33, 
Veronica arvensis 31  
Dominant species: Matricaria chamomilla 12, Apera spica-venti 10, Glebionis segetum 4, 
Tripleurospermum inodorum 2, Viola arvensis 1, Stellaria media aggr. 1, Ochlopoa annua 1, 
Arabidopsis thaliana 1  
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Cluster  76  
Scleranthion 
Number of relevés: 406  
 
Diagnostic species: Juncus bufonius aggr. 29.3, Gnaphalium uliginosum 21.3, Apera spica-venti 21.0, 
Sagina procumbens 17.6, Persicaria hydropiper 16.1, Aphanes australis 14.1, Spergula arvensis 13.7, 
Myosotis arvensis 13.1, Vicia hirsuta 12.7, Matricaria chamomilla 12.6, Elatine triandra 12.1, Cyanus 
segetum 11.3, Aphanes arvensis 11.3, Galeopsis tetrahit 11.2, Veronica arvensis 10.9  
Constant species: Apera spica-venti 76, Polygonum aviculare aggr. 75, Stellaria media aggr. 74, 
Fallopia convolvulus 67, Viola arvensis 60, Capsella bursa-pastoris 58, Juncus bufonius aggr. 56, 
Myosotis arvensis 55, Ochlopoa annua 50, Cyanus segetum 50, Vicia sativa aggr. 48, Spergula arvensis 
47, Gnaphalium uliginosum 47, Veronica arvensis 46, Chenopodium album 46, Plantago major 43, Vicia 
hirsuta 42, Matricaria chamomilla 41, Persicaria maculosa 38, Scleranthus annuus 36, Galeopsis 
tetrahit 35, Elytrigia repens 35, Cirsium arvense 34, Rumex acetosella aggr. 33, Aphanes arvensis 31  
Dominant species: Apera spica-venti 5, Matricaria chamomilla 4, Stellaria media aggr. 3, Juncus 
bufonius aggr. 3, Persicaria hydropiper 2, Vicia hirsuta 1, Trifolium pratense 1  
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Cluster  77  
Scleranthion 
Number of relevés: 302  
 
Diagnostic species: Papaver apulum 31.9, Vicia grandiflora 30.1, Aphanes arvensis 27.9, Cerastium 
glomeratum 23.3, Valerianella rimosa 22.3, Drymochloa sylvatica 21.4, Veronica arvensis 19.8, 
Legousia speculum-veneris 18.6, Apera spica-venti 18.2, Matricaria chamomilla 17.4, Myosotis 
arvensis 17.3, Arabidopsis thaliana 16.5, Erigeron annuus 16.3, Poa trivialis 14.9, Papaver rhoeas 13.6, 
Anthemis ruthenica 13.6, Vicia hirsuta 13.5, Triticosecale rimpaui 13.4, Ambrosia artemisiifolia 13.4, 
Stellaria graminea 13.2, Ranunculus sardous 12.7, Cyanus segetum 12.7, Viola arvensis 12.1, 
Valerianella locusta 11.9, Oxalis stricta 11.2, Ranunculus arvensis 10.3, Galium aparine 10.2  
Constant species: Veronica arvensis 74, Papaver rhoeas 70, Capsella bursa-pastoris 70, Viola arvensis 
69, Convolvulus arvensis 69, Aphanes arvensis 69, Myosotis arvensis 68, Apera spica-venti 67, 
Stellaria media aggr. 64, Elytrigia repens 59, Cerastium glomeratum 56, Cyanus segetum 55, 
Matricaria chamomilla 54, Galium aparine 53, Veronica persica 47, Arabidopsis thaliana 47, Vicia 
hirsuta 45, Polygonum aviculare aggr. 43, Cirsium arvense 43, Chenopodium album 40, Fallopia 
convolvulus 38, Anagallis arvensis 37, Tripleurospermum inodorum 36, Poa trivialis 36, Anthemis 
arvensis 36, Vicia sativa aggr. 35, Lamium purpureum 35, Vicia grandiflora 32, Ranunculus arvensis 31, 
Legousia speculum-veneris 31, Ambrosia artemisiifolia 31  
Dominant species: Matricaria chamomilla 10, Cyanus segetum 5, Scleranthus annuus 4, Papaver 
rhoeas 4, Anthemis ruthenica 4, Anthemis arvensis 4, Tripleurospermum inodorum 2, Trifolium 
incarnatum 2, Myosotis arvensis 2, Legousia speculum-veneris 2, Aphanes arvensis 2, Apera spica-venti 
2, Viola arvensis 1, Cota austriaca 1  
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Cluster  78  
Scleranthion 
Number of relevés: 406  
 
Diagnostic species: Myosotis arvensis 20.4, Apera spica-venti 18.5, Tripleurospermum inodorum 17.0, 
Lapsana communis 15.2, Viola arvensis 13.2, Galium aparine 12.1, Vicia tetrasperma 11.0, Galeopsis 
tetrahit 11.0, Elytrigia repens 11.0, Cirsium arvense 10.5, Galeopsis bifida 10.2, Fallopia convolvulus 
10.1, Cyanus segetum 10.1  
Constant species: Myosotis arvensis 78, Tripleurospermum inodorum 76, Viola arvensis 74, Cirsium 
arvense 73, Fallopia convolvulus 70, Elytrigia repens 70, Apera spica-venti 68, Galium aparine 60, 
Stellaria media aggr. 57, Polygonum aviculare aggr. 56, Capsella bursa-pastoris 52, Cyanus segetum 
46, Anagallis arvensis 46, Equisetum arvense 44, Convolvulus arvensis 44, Veronica persica 43, 
Chenopodium album 43, Veronica arvensis 40, Lapsana communis 37, Galeopsis tetrahit 34, Vicia 
hirsuta 33, Persicaria lapathifolia 32  
Dominant species: Apera spica-venti 11, Tripleurospermum inodorum 10, Galium aparine 3, Elytrigia 
repens 3, Stellaria media aggr. 2, Papaver rhoeas 2, Cyanus segetum 2  
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Cluster  79  
Scleranthion 
Number of relevés: 383  
 
Diagnostic species: Vicia tetrasperma 26.9, Vicia hirsuta 26.0, Apera spica-venti 21.9, Cyanus segetum 
21.6, Vicia villosa aggr. 18.3, Bromus secalinus 18.1, Myosotis arvensis 17.6, Stellaria graminea 16.4, 
Scleranthus annuus 14.7, Viola arvensis 14.5, Rhinanthus angustifolius 14.2, Vicia sativa aggr. 13.5, 
Juncus bufonius aggr. 13.5, Veronica arvensis 13.3, Mentha arvensis 13.2, Equisetum arvense 12.9, 
Aphanes arvensis 12.5, Agrostemma githago 11.7, Cerastium fontanum 11.6, Tripleurospermum 
inodorum 11.5, Achillea millefolium aggr. 11.0, Stachys palustris 10.8, Anthemis arvensis 10.7, 
Galeopsis tetrahit 10.4  
Constant species: Cyanus segetum 84, Viola arvensis 79, Vicia hirsuta 79, Apera spica-venti 79, 
Stellaria media aggr. 70, Myosotis arvensis 69, Cirsium arvense 68, Vicia sativa aggr. 64, Vicia 
tetrasperma 56, Tripleurospermum inodorum 56, Equisetum arvense 55, Veronica arvensis 54, 
Fallopia convolvulus 54, Scleranthus annuus 51, Convolvulus arvensis 48, Galium aparine 44, Elytrigia 
repens 43, Anthemis arvensis 42, Achillea millefolium aggr. 42, Mentha arvensis 38, Polygonum 
aviculare aggr. 37, Capsella bursa-pastoris 37, Vicia villosa aggr. 35, Sonchus arvensis 34, Aphanes 
arvensis 34, Galeopsis tetrahit 33  
Dominant species: Apera spica-venti 12, Vicia hirsuta 8, Tripleurospermum inodorum 3, Stellaria media 
aggr. 3, Sonchus arvensis 3, Secale cereale 3, Scleranthus annuus 3, Myosotis arvensis 3, Elytrigia 
repens 3, Cyanus segetum 3, Cirsium arvense 3, Vicia villosa aggr. 2, Galium aparine 2, Agrostis 
stolonifera aggr. 2, Tussilago farfara 1, Mentha arvensis 1, Matricaria chamomilla 1, Juncus bufonius 
aggr. 1, Convolvulus arvensis 1, Anthemis arvensis 1  
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Cluster  80  
Scleranthion 
Number of relevés: 205  
 
Diagnostic species: Galium spurium 20.8, Bunium bulbocastanum 18.3, Cyanus segetum 15.5, 
Centaurea scabiosa 14.2, Viola arvensis 12.8, Lycopsis arvensis 12.2, Lapsana communis 12.1, Arenaria 
serpyllifolia aggr. 12.0, Buglossoides arvensis 11.9, Papaver argemone 11.6, Vicia cracca 11.4, Solanum 
tuberosum 11.3, Galeopsis tetrahit 10.8, Alyssum alyssoides 10.8  
Constant species: Viola arvensis 72, Cyanus segetum 64, Convolvulus arvensis 64, Chenopodium 
album 62, Fallopia convolvulus 61, Capsella bursa-pastoris 55, Polygonum aviculare aggr. 41, 
Anthemis arvensis 40, Arenaria serpyllifolia aggr. 38, Equisetum arvense 37, Buglossoides arvensis 37, 
Cirsium arvense 36, Thlaspi arvense 35, Galeopsis tetrahit 34, Lapsana communis 31  
Dominant species: Cyanus segetum 4, Secale cereale 3, Elytrigia repens 2, Anthemis arvensis 2, Viola 
arvensis 1, Scleranthus annuus 1, Matricaria chamomilla 1, Galeopsis tetrahit 1  
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Cluster  81  
Scleranthion 
Number of relevés: 153  
 
Diagnostic species: Veronica triphyllos 41.1, Myosotis stricta 39.1, Papaver argemone 33.5, Draba 
verna 32.1, Veronica hederifolia aggr. 23.0, Gagea pratensis 20.8, Arabidopsis thaliana 19.8, Cyanus 
segetum 17.1, Apera spica-venti 16.1, Scleranthus annuus 16.0, Buglossoides arvensis 15.1, Myosurus 
minimus 14.4, Aphanes arvensis 14.1, Viola arvensis 11.8, Papaver dubium aggr. 10.0  
Constant species: Veronica triphyllos 78, Veronica hederifolia aggr. 73, Cyanus segetum 69, Viola 
arvensis 68, Papaver argemone 67, Draba verna 65, Myosotis stricta 63, Apera spica-venti 61, 
Scleranthus annuus 55, Arabidopsis thaliana 55, Stellaria media aggr. 50, Fallopia convolvulus 50, 
Equisetum arvense 45, Buglossoides arvensis 45, Vicia sativa aggr. 40, Aphanes arvensis 37, Myosotis 
arvensis 33, Capsella bursa-pastoris 32, Vicia hirsuta 31  
Dominant species: Apera spica-venti 6, Viola arvensis 5, Veronica hederifolia aggr. 3, Veronica 
triphyllos 2, Scleranthus annuus 2, Papaver argemone 2, Stellaria media aggr. 1, Consolida regalis 1, 
Arabidopsis thaliana 1  
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Cluster  82  
Scleranthion 
Number of relevés: 696  
 
Diagnostic species: Crepis tectorum 19.8, Cyanus segetum 19.0, Myosotis sicula 18.4, Scleranthus 
annuus 17.9, Vicia hirsuta 17.3, Apera spica-venti 16.3, Myosotis arvensis 15.7, Viola arvensis 15.2, 
Veronica arvensis 13.3, Vicia sativa aggr. 13.1, Arenaria serpyllifolia aggr. 13.0, Rumex acetosella aggr. 
11.7, Lycopsis arvensis 11.7, Fallopia convolvulus 11.7, Spergula arvensis 11.2, Cerastium fontanum 
10.6, Tripleurospermum inodorum 10.3  
Constant species: Viola arvensis 82, Fallopia convolvulus 77, Cyanus segetum 75, Myosotis arvensis 
63, Vicia sativa aggr. 62, Apera spica-venti 61, Scleranthus annuus 60, Elytrigia repens 60, Capsella 
bursa-pastoris 59, Chenopodium album 57, Stellaria media aggr. 56, Vicia hirsuta 55, Veronica 
arvensis 54, Tripleurospermum inodorum 52, Polygonum aviculare aggr. 51, Rumex acetosella aggr. 
43, Spergula arvensis 40, Arenaria serpyllifolia aggr. 40, Erodium cicutarium 38, Equisetum arvense 38, 
Anthemis arvensis 36, Achillea millefolium aggr. 34, Raphanus raphanistrum 32, Cirsium arvense 32  
Dominant species: Apera spica-venti 8, Cyanus segetum 6, Viola arvensis 4, Tripleurospermum 
inodorum 3, Scleranthus annuus 3, Elytrigia repens 3, Consolida regalis 3, Arenaria serpyllifolia aggr. 
3, Stellaria media aggr. 2, Fallopia convolvulus 2, Chenopodium album 2, Anthemis arvensis 2, Vicia 
hirsuta 1, Myosotis arvensis 1, Convolvulus arvensis 1, Capsella bursa-pastoris 1, Arabidopsis thaliana 
1  
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Cluster  83  
Scleranthion & Linion 
Number of relevés: 470  
 
Diagnostic species: Galeopsis tetrahit 27.9, Hypericum maculatum 24.8, Stellaria graminea 22.5, 
Ranunculus repens 22.2, Lapsana communis 21.8, Mentha arvensis 21.2, Achillea millefolium aggr. 
20.0, Campanula rapunculoides 19.7, Holcus mollis 19.5, Myosotis arvensis 18.8, Prunella vulgaris 18.6, 
Trifolium medium 18.5, Galeopsis bifida 18.2, Alchemilla vulgaris aggr. 17.7, Stachys palustris 17.6, 
Scleranthus annuus 17.0, Gladiolus imbricatus 16.6, Vicia sepium 16.2, Spergula arvensis 15.9, 
Persicaria hydropiper 15.3, Raphanus raphanistrum 14.8, Vicia hirsuta 14.5, Valerianella dentata 14.5, 
Anthemis arvensis 14.2, Tussilago farfara 14.0, Viola arvensis 13.8, Rumex acetosella aggr. 13.5, 
Trifolium repens 13.1, Lathyrus pratensis 13.1, Knautia arvensis aggr. 12.8, Cerastium fontanum 12.4, 
Agrostis stolonifera aggr. 12.3, Pilosella lactucella 12.1, Avena sativa 11.9, Sonchus arvensis 11.8, 
Argentina anserina 11.8, Vicia cracca 11.6, Alchemilla monticola 11.6, Lolium remotum 11.3, 
Leucanthemum vulgare aggr. 11.1, Cuscuta epilinum 11.0, Potentilla erecta 10.9, Veronica arvensis 
10.8, Solanum tuberosum 10.8, Persicaria maculosa 10.8, Fallopia convolvulus 10.6, Camelina alyssum 
10.5, Vicia sativa aggr. 10.1, Persicaria minor 10.1  
Constant species: Galeopsis tetrahit 77, Viola arvensis 76, Myosotis arvensis 73, Fallopia convolvulus 
73, Stellaria media aggr. 69, Achillea millefolium aggr. 69, Cirsium arvense 63, Ranunculus repens 
61, Scleranthus annuus 58, Raphanus raphanistrum 57, Mentha arvensis 57, Chenopodium album 
56, Spergula arvensis 53, Capsella bursa-pastoris 53, Anthemis arvensis 53, Vicia sativa aggr. 52, 
Lapsana communis 51, Galium aparine 49, Vicia hirsuta 47, Rumex acetosella aggr. 47, Veronica 
arvensis 46, Polygonum aviculare aggr. 46, Persicaria maculosa 46, Sonchus arvensis 44, Stachys 
palustris 42, Veronica persica 40, Trifolium repens 40, Convolvulus arvensis 40, Elytrigia repens 39, 
Anagallis arvensis 38, Taraxacum sect. Taraxacum 36, Equisetum arvense 36, Plantago major 33, 
Cyanus segetum 32, Persicaria lapathifolia 31, Agrostis stolonifera aggr. 31  
Dominant species: Holcus mollis 4, Spergula arvensis 3, Scleranthus annuus 3, Mentha arvensis 3, 
Anthemis arvensis 3, Rumex acetosella aggr. 2, Raphanus raphanistrum 2, Galeopsis tetrahit 2, Cirsium 
arvense 2, Tussilago farfara 1, Trifolium pratense 1, Stellaria media aggr. 1, Secale cereale 1, Lapsana 
communis 1, Galium aparine 1, Galinsoga parviflora 1, Elytrigia repens 1, Apera spica-venti 1, Agrostis 
stolonifera aggr. 1  
 
 
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Cluster  84  
Scleranthion 
Number of relevés: 238  
 
Diagnostic species: Thlaspi arvense 27.1, Galeopsis tetrahit 25.7, Lapsana communis 20.9, Raphanus 
raphanistrum 18.7, Myosotis arvensis 18.4, Scleranthus annuus 17.6, Viola arvensis 17.2, Vicia hirsuta 
16.7, Campanula rapunculoides 16.5, Rumex crispus 16.4, Neslia paniculata 16.1, Rubus fruticosus 
aggr. 16.0, Hylotelephium telephium 15.9, Fallopia convolvulus 15.8, Tripleurospermum inodorum 
15.4, Ochlopoa supina 15.3, Valerianella dentata 14.3, Arabidopsis thaliana 14.2, Fumaria rostellata 
13.9, Polygonum depressum 13.7, Vicia tetrasperma 13.5, Geranium pusillum 13.0, Stellaria media 
aggr. 12.9, Myosotis stricta 12.9, Aethusa cynapium 12.7, Spergula arvensis 12.6, Veronica hederifolia 
aggr. 12.4, Capsella bursa-pastoris 12.3, Veronica arvensis 11.3, Lamium amplexicaule 11.3, Odontites 
vulgaris 10.6, Lamium purpureum 10.5, Elytrigia repens 10.5, Galeopsis bifida 10.2  
Constant species: Fallopia convolvulus 95, Viola arvensis 89, Stellaria media aggr. 88, Capsella bursa-
pastoris 85, Thlaspi arvense 82, Myosotis arvensis 72, Galeopsis tetrahit 71, Cirsium arvense 71, 
Tripleurospermum inodorum 70, Raphanus raphanistrum 69, Elytrigia repens 68, Chenopodium 
album 66, Polygonum aviculare aggr. 61, Scleranthus annuus 60, Vicia hirsuta 53, Veronica persica 
50, Ochlopoa annua 50, Lapsana communis 50, Rumex crispus 49, Vicia sativa aggr. 48, Galium aparine 
48, Veronica arvensis 47, Taraxacum sect. Taraxacum 46, Lamium amplexicaule 45, Spergula arvensis 
44, Anagallis arvensis 44, Veronica hederifolia aggr. 43, Lamium purpureum 42, Plantago major 41, 
Arabidopsis thaliana 41, Cyanus segetum 38, Achillea millefolium aggr. 37, Persicaria lapathifolia 34, 
Geranium pusillum 33, Rumex acetosella aggr. 32, Neslia paniculata 32, Euphorbia helioscopia 32, 
Anthemis arvensis 32  
Dominant species: Veronica hederifolia aggr. 10, Raphanus raphanistrum 5, Tripleurospermum 
inodorum 4, Thlaspi arvense 4, Galeopsis tetrahit 4, Stellaria media aggr. 3, Chenopodium album 3, 
Spergula arvensis 2, Matricaria chamomilla 2, Taraxacum sect. Taraxacum 1, Elytrigia repens 1  
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Cluster  85  
Scleranthion (Digitarietum ischaemi) 
Number of relevés: 220  
 
Diagnostic species: Digitaria ischaemum 53.2, Stellaria palustris 31.5, Fagopyrum tataricum 17.2, 
Rumex acetosella aggr. 15.6, Fagopyrum esculentum 15.4, Setaria viridis 14.9, Spergula arvensis 14.1, 
Scleranthus annuus 11.7  
Constant species: Digitaria ischaemum 85, Rumex acetosella aggr. 54, Setaria viridis 50, 
Chenopodium album 50, Spergula arvensis 48, Polygonum aviculare aggr. 48, Fallopia convolvulus 48, 
Elytrigia repens 46, Scleranthus annuus 43, Erigeron canadensis 39, Erodium cicutarium 33  
Dominant species: Digitaria ischaemum 30, Fagopyrum esculentum 6, Setaria pumila 3, Polygonum 
aviculare aggr. 3, Stellaria palustris 2, Spergula arvensis 2, Setaria viridis 2, Chenopodium album 2, 
Scleranthus annuus 1, Echinochloa crus-galli 1, Apera spica-venti 1  
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Cluster  86  
Scleranthion 
Number of relevés: 122  
 
Diagnostic species: Polycnemum arvense 34.5, Radiola linoides 32.0, Anagallis minima 28.7, Juncus 
capitatus 23.3, Scleranthus annuus 23.1, Gypsophila muralis 22.7, Setaria pumila 22.5, Herniaria 
hirsuta 21.3, Digitaria ischaemum 20.7, Vicia tetrasperma 20.1, Apera spica-venti 19.8, Equisetum 
sylvaticum 17.1, Spergularia rubra 17.0, Spergula arvensis 15.8, Galeopsis ladanum 15.7, Hypericum 
humifusum 15.4, Veronica dillenii 14.5, Anthemis arvensis 13.9, Linum catharticum 13.8, Equisetum 
arvense 13.3, Elytrigia repens 13.3, Cyanus segetum 13.3, Bromus secalinus 13.3, Rumex acetosella 
aggr. 12.9, Gnaphalium uliginosum 12.5, Lythrum portula 11.6, Erigeron canadensis 11.1  
Constant species: Setaria pumila 80, Elytrigia repens 80, Scleranthus annuus 75, Apera spica-venti 
72, Equisetum arvense 57, Cyanus segetum 57, Spergula arvensis 52, Anthemis arvensis 52, 
Polygonum aviculare aggr. 49, Erigeron canadensis 49, Rumex acetosella aggr. 46, Convolvulus 
arvensis 46, Vicia tetrasperma 43, Fallopia convolvulus 42, Chenopodium album 40, Digitaria 
ischaemum 34, Viola arvensis 32  
Dominant species: Panicum miliaceum 5, Juncus bufonius aggr. 5, Fagopyrum esculentum 3, Secale 
cereale 2, Ornithopus sativus 2, Equisetum sylvaticum 2, Apera spica-venti 2  
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Cluster  87  
Scleranthion 
Number of relevés: 458  
 
Diagnostic species: Spergula arvensis 28.2, Rumex acetosella aggr. 19.4, Scleranthus annuus 15.8, 
Raphanus raphanistrum 14.0, Persicaria lapathifolia 12.6, Gnaphalium uliginosum 12.3, Juncus 
bufonius aggr. 11.0, Equisetum arvense 10.5, Persicaria hydropiper 10.1  
Constant species: Spergula arvensis 87, Chenopodium album 67, Fallopia convolvulus 66, Rumex 
acetosella aggr. 64, Elytrigia repens 56, Scleranthus annuus 54, Raphanus raphanistrum 54, Viola 
arvensis 53, Persicaria lapathifolia 52, Equisetum arvense 47, Polygonum aviculare aggr. 42, Stellaria 
media aggr. 38, Persicaria maculosa 35, Galeopsis tetrahit 31  
Dominant species: Spergula arvensis 8, Scleranthus annuus 4, Rumex acetosella aggr. 4, Chenopodium 
album 3, Stellaria media aggr. 2, Setaria pumila 2, Raphanus raphanistrum 2, Persicaria lapathifolia 2, 
Echinochloa crus-galli 2, Persicaria maculosa 1, Equisetum arvense 1, Elytrigia repens 1  
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Cluster  88  
Scleranthion (Arnoseridion) 
Number of relevés: 566  
 
Diagnostic species: Arnoseris minima 47.5, Teesdalia nudicaulis 38.6, Anthoxanthum aristatum 30.6, 
Scleranthus annuus 25.8, Rumex acetosella aggr. 24.2, Apera spica-venti 21.1, Holcus mollis 19.4, 
Spergula arvensis 17.0, Cyanus segetum 15.3, Galeopsis segetum 14.6, Veronica dillenii 13.9, Spergula 
morisonii 13.1, Rhinanthus angustifolius 12.3, Viola arvensis 11.0  
Constant species: Scleranthus annuus 83, Rumex acetosella aggr. 78, Apera spica-venti 76, Arnoseris 
minima 67, Viola arvensis 65, Fallopia convolvulus 65, Cyanus segetum 63, Spergula arvensis 56, 
Vicia sativa aggr. 46, Teesdalia nudicaulis 37, Polygonum aviculare aggr. 36, Anthoxanthum aristatum 
35, Equisetum arvense 31, Achillea millefolium aggr. 31  
Dominant species: Anthoxanthum aristatum 13, Apera spica-venti 11, Scleranthus annuus 6, Rumex 
acetosella aggr. 3, Spergula arvensis 2, Secale cereale 2, Arnoseris minima 2, Holcus mollis 1, Cyanus 
segetum 1  
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Cluster  89  
Veronico-Euphorbion 
Number of relevés: 442  
 
Diagnostic species: Veronica hederifolia aggr. 22.1, Lamium purpureum 17.6, Ornithogalum refractum 
13.4, Thlaspi arvense 12.8, Brassica napus 12.5, Viola arvensis 12.2, Lamium amplexicaule 11.6, 
Arabidopsis thaliana 11.4, Veronica polita 10.9, Veronica persica 10.7, Tripleurospermum inodorum 
10.2  
Constant species: Viola arvensis 70, Veronica hederifolia aggr. 70, Stellaria media aggr. 70, Capsella 
bursa-pastoris 68, Lamium purpureum 64, Veronica persica 53, Tripleurospermum inodorum 52, 
Galium aparine 51, Lamium amplexicaule 46, Thlaspi arvense 43, Cirsium arvense 42, Myosotis 
arvensis 36, Papaver rhoeas 34, Arabidopsis thaliana 34, Veronica arvensis 32, Elytrigia repens 31  
Dominant species: Veronica hederifolia aggr. 12, Stellaria media aggr. 7, Veronica persica 4, Viola 
arvensis 3, Capsella bursa-pastoris 3, Veronica triphyllos 2, Tripleurospermum inodorum 2, Papaver 
rhoeas 2, Lamium purpureum 2, Galium aparine 1  
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Cluster  90  
Veronico-Euphorbion 
Number of relevés: 467  
 
Diagnostic species: Lamium purpureum 14.2, Veronica polita 13.5, Stellaria media aggr. 13.5, 
Taraxacum sect. Taraxacum 11.5, Veronica hederifolia aggr. 11.3, Allium rotundum 11.0, 
Ornithogalum umbellatum aggr. 10.0  
Constant species: Stellaria media aggr. 91, Capsella bursa-pastoris 69, Lamium purpureum 54, 
Taraxacum sect. Taraxacum 52, Veronica hederifolia aggr. 40, Veronica persica 39, Lamium 
amplexicaule 37, Cirsium arvense 36, Senecio vulgaris 34, Convolvulus arvensis 33, Chenopodium 
album 33, Ochlopoa annua 32  
Dominant species: Stellaria media aggr. 41, Capsella bursa-pastoris 8, Lamium purpureum 5, Veronica 
hederifolia aggr. 4, Veronica persica 3, Lamium amplexicaule 3, Galinsoga parviflora 2, Veronica polita 
1, Taraxacum sect. Taraxacum 1, Mercurialis annua 1, Holosteum umbellatum 1, Equisetum arvense 
1, Convolvulus arvensis 1, Cirsium arvense 1, Chenopodium album 1, Anisantha sterilis 1  
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Cluster  91  
Transition 
Number of relevés: 299  
 
Diagnostic species: Ochlopoa annua 14.8, Urtica urens 11.7, Matricaria discoidea 10.2, Rumex 
obtusifolius 10.1  
Constant species: Stellaria media aggr. 75, Capsella bursa-pastoris 74, Ochlopoa annua 71, Senecio 
vulgaris 37, Taraxacum sect. Taraxacum 33, Polygonum aviculare aggr. 31  
Dominant species: Stellaria media aggr. 16, Urtica urens 9, Ochlopoa annua 7, Capsella bursa-pastoris 
6, Lolium perenne 3, Senecio vulgaris 2, Elytrigia repens 2, Veronica persica 1, Poa trivialis 1, Plantago 
major 1, Lepidium didymum 1, Dactylis glomerata 1, Cardamine hirsuta 1  
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Cluster  92  
Veronico-Euphorbion / Geranio-Cardaminetalia 
Number of relevés: 105  
 
Diagnostic species: Cardamine hirsuta 47.9, Arum italicum 38.8, Valerianella carinata 31.7, Fumaria 
muralis 30.6, Cerastium glomeratum 27.3, Geranium dissectum 24.2, Fumaria capreolata 23.9, 
Ranunculus parviflorus 21.5, Senecio vulgaris 21.1, Medicago arabica 20.5, Veronica persica 20.1, 
Juncus bulbosus 17.1, Ficaria verna 16.7, Stachys arvensis 16.6, Ochlopoa annua 15.1, Bellis perennis 
15.0, Euphorbia helioscopia 14.9, Montia fontana 14.2, Stellaria media aggr. 14.1, Geranium molle 
13.9, Mercurialis annua 13.8, Lamium purpureum 12.5, Schedonorus arundinaceus 11.7, Vicia sativa 
aggr. 11.3, Sonchus oleraceus 11.1  
Constant species: Stellaria media aggr. 93, Veronica persica 87, Senecio vulgaris 87, Cardamine 
hirsuta 78, Ochlopoa annua 72, Cerastium glomeratum 65, Euphorbia helioscopia 57, Vicia sativa 
aggr. 56, Sonchus oleraceus 56, Geranium dissectum 54, Capsella bursa-pastoris 53, Lamium 
purpureum 49, Geranium molle 36, Fumaria muralis 35, Mercurialis annua 33, Veronica hederifolia 
aggr. 31  
Dominant species: Stellaria media aggr. 51, Veronica persica 16, Veronica hederifolia aggr. 12, 
Ochlopoa annua 6, Senecio vulgaris 5, Mercurialis annua 5, Ranunculus sardous 3, Cerastium 
glomeratum 3, Cardamine hirsuta 3, Sonchus oleraceus 2, Lamium amplexicaule 2, Geranium molle 2, 
Fumaria capreolata 2  
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Cluster  93  
Veronico-Euphorbion 
Number of relevés: 209  
 
Diagnostic species: Mercurialis annua 20.7, Kickxia spuria 15.0, Chenopodiastrum hybridum 12.1, 
Solanum nigrum 11.9, Euphorbia peplis 11.0, Euphorbia helioscopia 10.8, Amaranthus retroflexus 10.8, 
Sonchus oleraceus 10.5, Veronica persica 10.1, Fumaria officinalis 10.1  
Constant species: Chenopodium album 79, Fallopia convolvulus 59, Convolvulus arvensis 59, Sonchus 
oleraceus 54, Veronica persica 51, Polygonum aviculare aggr. 51, Mercurialis annua 48, Capsella 
bursa-pastoris 48, Amaranthus retroflexus 46, Euphorbia helioscopia 44, Cirsium arvense 44, Stellaria 
media aggr. 43, Solanum nigrum 43, Senecio vulgaris 43, Anagallis arvensis 43, Persicaria maculosa 
33, Sonchus asper 32, Fumaria officinalis 32  
Dominant species: Mercurialis annua 18, Chenopodium album 6, Amaranthus retroflexus 4, 
Convolvulus arvensis 3, Veronica persica 2, Setaria viridis 2, Fallopia convolvulus 2, Sinapis arvensis 1, 
Papaver rhoeas 1, Heliotropium europaeum 1  
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Cluster  94  
Veronico-Euphorbion 
Number of relevés: 297  
 
Diagnostic species: Oxalis latifolia 25.8, Euphorbia peplus 24.4, Oxalis violacea 18.2, Senecio vulgaris 
17.2, Solanum nigrum 14.3, Sonchus oleraceus 13.4, Veronica persica 13.1, Stellaria media aggr. 13.0, 
Veronica agrestis 12.1, Euphorbia helioscopia 11.6, Ochlopoa annua 11.3, Amaranthus hybridus aggr. 
10.8  
Constant species: Stellaria media aggr. 88, Chenopodium album 74, Senecio vulgaris 73, Sonchus 
oleraceus 65, Veronica persica 62, Ochlopoa annua 59, Solanum nigrum 50, Euphorbia peplus 50, 
Capsella bursa-pastoris 48, Euphorbia helioscopia 47, Persicaria maculosa 43, Lamium purpureum 39, 
Sonchus asper 37  
Dominant species: Stellaria media aggr. 19, Euphorbia peplus 13, Oxalis latifolia 7, Amaranthus 
hybridus aggr. 6, Veronica persica 4, Digitaria sanguinalis 4, Oxalis violacea 3, Chenopodium album 3, 
Senecio vulgaris 2, Persicaria maculosa 2, Ochlopoa annua 1, Mercurialis annua 1, Equisetum arvense 
1, Convolvulus arvensis 1, Amaranthus retroflexus 1  
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Cluster  95  
Oxalidion 
Number of relevés: 197  
 
Diagnostic species: Matricaria chamomilla 28.4, Alopecurus myosuroides 23.1, Chenopodium 
ficifolium 20.4, Persicaria maculosa 16.6, Persicaria amphibia 16.0, Thlaspi arvense 15.0, Lepidium 
coronopus 14.2, Phragmites australis 14.0, Veronica persica 13.5, Lamium purpureum 13.1, Fallopia 
convolvulus 13.1, Stellaria media aggr. 12.4, Polygonum aviculare aggr. 11.9, Euphorbia helioscopia 
11.7, Atriplex patula 11.3, Equisetum arvense 10.8, Senecio vulgaris 10.4, Sonchus arvensis 10.1, 
Capsella bursa-pastoris 10.0  
Constant species: Polygonum aviculare aggr. 87, Stellaria media aggr. 86, Matricaria chamomilla 
84, Fallopia convolvulus 83, Chenopodium album 76, Capsella bursa-pastoris 75, Cirsium arvense 70, 
Persicaria maculosa 64, Veronica persica 63, Elytrigia repens 62, Ochlopoa annua 53, Sonchus 
oleraceus 51, Senecio vulgaris 50, Lamium purpureum 50, Galium aparine 50, Thlaspi arvense 49, 
Equisetum arvense 48, Euphorbia helioscopia 47, Alopecurus myosuroides 42, Sonchus arvensis 39, 
Sonchus asper 37, Lamium amplexicaule 37, Persicaria lapathifolia 36, Papaver rhoeas 35, Myosotis 
arvensis 35, Plantago major 34, Atriplex patula 32, Anagallis arvensis 32  
Dominant species: Stellaria media aggr. 9, Matricaria chamomilla 6, Polygonum aviculare aggr. 5, 
Alopecurus myosuroides 4, Veronica persica 3, Tussilago farfara 2, Papaver rhoeas 2, Fallopia 
convolvulus 2, Equisetum arvense 2, Cirsium arvense 2, Thlaspi arvense 1, Solanum nigrum 1, Galium 
aparine 1, Elytrigia repens 1, Chenopodium album 1  
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Cluster  96  
Oxalidion 
Number of relevés: 305  
 
Diagnostic species: Persicaria maculosa 18.9, Solanum nigrum 17.5, Ochlopoa annua 13.8, Elytrigia 
repens 13.5, Spergula arvensis 12.8, Stellaria media aggr. 12.4, Chenopodium album 10.7, Stachys 
arvensis 10.5, Capsella bursa-pastoris 10.1, Persicaria lapathifolia 10.0, Glebionis segetum 10.0  
Constant species: Chenopodium album 89, Stellaria media aggr. 86, Elytrigia repens 80, Capsella 
bursa-pastoris 75, Persicaria maculosa 71, Ochlopoa annua 68, Fallopia convolvulus 68, Polygonum 
aviculare aggr. 67, Solanum nigrum 59, Viola arvensis 47, Senecio vulgaris 45, Spergula arvensis 44, 
Persicaria lapathifolia 44, Echinochloa crus-galli 40, Cirsium arvense 34  
Dominant species: Elytrigia repens 9, Chenopodium album 7, Stellaria media aggr. 5, Ochlopoa annua 
4, Glebionis segetum 4, Echinochloa crus-galli 4, Polygonum aviculare aggr. 3, Capsella bursa-pastoris 
3, Solanum nigrum 2, Persicaria maculosa 2, Equisetum arvense 2, Cirsium arvense 2, Chenopodium 
ficifolium 2, Persicaria lapathifolia 1, Matricaria chamomilla 1, Fallopia convolvulus 1, Convolvulus 
arvensis 1  
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Cluster  97  
Oxalidion / Scleranthion 
Number of relevés: 780  
 
Diagnostic species: Ranunculus repens 15.3, Plantago major 12.7, Gnaphalium uliginosum 11.6, 
Myosotis arvensis 11.1, Lapsana communis 11.0, Persicaria hydropiper 10.1  
Constant species: Stellaria media aggr. 66, Polygonum aviculare aggr. 61, Chenopodium album 59, 
Plantago major 54, Cirsium arvense 53, Capsella bursa-pastoris 52, Elytrigia repens 51, 
Tripleurospermum inodorum 49, Viola arvensis 48, Myosotis arvensis 48, Fallopia convolvulus 47, 
Anagallis arvensis 47, Veronica persica 46, Ranunculus repens 44, Ochlopoa annua 44, Lamium 
purpureum 34, Taraxacum sect. Taraxacum 33, Persicaria lapathifolia 33, Sonchus asper 32, Persicaria 
maculosa 31, Galium aparine 31  
Dominant species: Stellaria media aggr. 5, Tripleurospermum inodorum 4, Polygonum aviculare aggr. 
3, Elytrigia repens 2, Veronica persica 1, Plantago major 1, Ochlopoa annua 1, Lolium temulentum 1, 
Galinsoga quadriradiata 1, Chenopodium album 1, Agrostis stolonifera aggr. 1  
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Cluster  98  
Oxalidion 
Number of relevés: 410  
 
Diagnostic species: Galinsoga quadriradiata 35.0, Galinsoga parviflora 16.0, Lamium purpureum 13.3, 
Stellaria media aggr. 11.5, Solanum tuberosum 11.3, Persicaria lapathifolia 11.2, Stachys palustris 
10.9, Veronica persica 10.7, Galeopsis tetrahit 10.1  
Constant species: Stellaria media aggr. 82, Chenopodium album 81, Fallopia convolvulus 65, Cirsium 
arvense 65, Capsella bursa-pastoris 59, Galinsoga quadriradiata 55, Elytrigia repens 54, Veronica 
persica 53, Lamium purpureum 51, Galinsoga parviflora 49, Persicaria lapathifolia 48, Galium aparine 
45, Taraxacum sect. Taraxacum 42, Convolvulus arvensis 42, Persicaria maculosa 41, Equisetum 
arvense 37, Echinochloa crus-galli 34, Myosotis arvensis 33, Viola arvensis 32, Galeopsis tetrahit 32, 
Sonchus arvensis 31  
Dominant species: Galinsoga parviflora 14, Galinsoga quadriradiata 13, Stellaria media aggr. 6, 
Chenopodium album 4, Veronica persica 2, Galium aparine 2, Tripleurospermum inodorum 1, 
Persicaria lapathifolia 1, Equisetum arvense 1, Elytrigia repens 1  
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Cluster  99  
Oxalidion / Scleranthion 
Number of relevés: 922  
 
Diagnostic species: Lycopsis arvensis 14.6, Thlaspi arvense 14.4, Tripleurospermum inodorum 14.1, 
Myosotis arvensis 12.9, Viola arvensis 12.4, Equisetum arvense 11.9, Vicia hirsuta 11.5, Fallopia 
convolvulus 11.4, Erysimum cheiranthoides 10.9, Spergula arvensis 10.4  
Constant species: Chenopodium album 85, Fallopia convolvulus 76, Stellaria media aggr. 73, Viola 
arvensis 70, Tripleurospermum inodorum 66, Cirsium arvense 66, Capsella bursa-pastoris 64, 
Elytrigia repens 62, Polygonum aviculare aggr. 54, Myosotis arvensis 54, Equisetum arvense 52, 
Thlaspi arvense 47, Cyanus segetum 41, Vicia hirsuta 39, Persicaria lapathifolia 39, Veronica persica 
38, Spergula arvensis 38, Plantago major 34, Ochlopoa annua 34, Sinapis arvensis 33, Veronica 
arvensis 31, Sonchus arvensis 31, Galeopsis tetrahit 31  
Dominant species: Glebionis segetum 6, Chenopodium album 5, Stellaria media aggr. 4, Elytrigia 
repens 3, Tripleurospermum inodorum 2, Galinsoga parviflora 2, Echinochloa crus-galli 2, Fallopia 
convolvulus 1  
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Cluster  100  
Oxalidion / Scleranthion 
Number of relevés: 409  
 
Diagnostic species: Sinapis arvensis 17.1, Stachys palustris 15.3, Sonchus arvensis 15.2, Thlaspi arvense 
14.7, Euphorbia helioscopia 13.8, Silene noctiflora 12.7, Galium aparine 12.5, Fallopia convolvulus 
12.4, Tripleurospermum inodorum 12.3, Erysimum cheiranthoides 12.2, Mentha arvensis 12.1, 
Veronica persica 11.5, Cirsium arvense 11.4, Avena fatua 11.0, Persicaria lapathifolia 10.9, Equisetum 
arvense 10.4, Elytrigia repens 10.4, Stellaria media aggr. 10.2, Lamium purpureum 10.1  
Constant species: Chenopodium album 83, Fallopia convolvulus 80, Cirsium arvense 77, Stellaria 
media aggr. 76, Elytrigia repens 67, Galium aparine 61, Sinapis arvensis 60, Tripleurospermum 
inodorum 59, Viola arvensis 56, Veronica persica 56, Polygonum aviculare aggr. 56, Sonchus arvensis 
54, Euphorbia helioscopia 54, Convolvulus arvensis 51, Thlaspi arvense 48, Persicaria lapathifolia 47, 
Equisetum arvense 47, Capsella bursa-pastoris 45, Anagallis arvensis 44, Myosotis arvensis 42, Lamium 
purpureum 41, Stachys palustris 37, Plantago major 36, Mentha arvensis 35, Sonchus asper 31  
Dominant species: Sinapis arvensis 5, Stellaria media aggr. 4, Elytrigia repens 4, Chenopodium album 
4, Veronica persica 3, Sonchus arvensis 3, Persicaria lapathifolia 2, Mentha arvensis 2, Galinsoga 
parviflora 2, Cirsium arvense 2, Thlaspi arvense 1, Stachys palustris 1, Galium aparine 1, Fallopia 
convolvulus 1, Equisetum arvense 1, Avena fatua 1  
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Annex G 
Chapter 2: Selection of species diagnostic for Caucalidion and Scleranthion alliances in 
the regions 
 
Diagnostic species for two clusters of plots, corresponding to two phytosociological alliances, 
studied in the paper. Firstly, we classified European weed and annual ruderal vegetation into 
100 clusters employing hierarchical classification with Bray-Curtis dissimilarity index and 
flexible beta -0.25 linkage method (species cover values were logarithmically transformed). 
The three and seven clusters, corresponding to Caucalidion and Scleranthion alliances 
according to the literature, respectively, were merged into two corresponding clusters and their 
diagnostic species calculated using phi coefficient. For the analysis of the degree of 
specialization, only species highly diagnostic for only one of the alliances, and in common to 
all three regions, were used.  
Below are presented species, diagnostic for Caucalidion and Scleranthion alliances, 
respectively, and exceeding the threshold of phi index 0.1 (x100).  
Legend: green – species, diagnostic for the alliance and occurring in all three regions; red – 
species in common to both alliances; black – species, diagnostic for the alliance and occurring 
in only one or two regions.  
 
Caucalidion 
Diagnostic species: Consolida regalis 22.9, Legousia speculum-veneris 20.8, Papaver rhoeas 
18.9, Ranunculus arvensis 18.0, Adonis aestivalis 16.2, Bifora radians 16.0, Bunium 
bulbocastanum 15.9, Vicia pannonica 15.4, Iberis pinnata 14.1, Agrostemma githago 14.0, 
Euphorbia exigua 13.3, Euphorbia falcata 12.9, Silene noctiflora 12.1, Avena fatua 11.8, 
Sinapis arvensis 11.4, Knautia arvensis aggr. 11.1, Kickxia spuria 11.0, Lathyrus aphaca 10.9, 
Alopecurus myosuroides 10.6, Lathyrus tuberosus 10.5, Galium tricornutum 10.4, Galeopsis 
angustifolia 10.4, Cyanus segetum 10.4, Buglossoides arvensis 10.4, Anagallis arvensis 10.4, 
Cota altissima 10.2, Fallopia convolvulus 10.0 
 
Scleranthion  
Diagnostic species: Myosotis arvensis 23.5, Vicia hirsuta 21.7, Apera spica-venti 21.5, Cyanus 
segetum 19.7, Viola arvensis 18.8, Scleranthus annuus 17.5, Galeopsis tetrahit 16.9, Veronica 
arvensis 16.3, Aphanes arvensis 14.2, Stellaria graminea 13.0, Fallopia convolvulus 12.7, 
Vicia tetrasperma 12.5, Lapsana communis 12.1, Vicia sativa aggr. 11.6, Cerastium fontanum 
11.0, Myosotis stricta 10.7, Tripleurospermum inodorum 10.5, Arabidopsis thaliana 10.5, 
Spergula arvensis 10.1, Mentha arvensis 10.1 
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Annex H 
Chapter 2: Normal Q-Q plots of rank ratios 
 
Normal Q–Q plots of rank ratios for Caucalidion (above) and Scleranthion (below) with the 
theoretical values on the x-axis and the observed values on the y-axis. In all cases, Shapiro-
Wilk’s test gave non-significant result (p>0.1), suggesting data are distributed normally. 
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Annex I 
Chapter 2: Comparison of theta values from our study and study of Zelený and Chytrý 
(2019) 
 
Table with comparison of theta values (estimate of the degree of specialization) from our study 
and the study of Zelený and Chytrý (2019). Higher theta value means higher degree of species 
specialization (for the particular dataset). The “difference” in the table represents the difference 
between theta value in our study and the theta value in the study of Zelený and Chytrý (2019). 
The noticeable contrast between positive differences for Caucalidion species groups and 
negative differences for Scleranthion species group can be ascribed to the unequal 
representation of habitats in the datasets (see the Discussion). 
 
own 
results 
Zelený & 
Chytrý  own results 
Zelený & 
Chytrý  
Caucalidion theta CE 
theta non-
forest difference 
rank ratio 
CE 
rank ratio 
non-forest difference 
Agrostemma githago 4.3010 4.682 -0.3814 0.2023 0.0030 0.1993 
Alopecuros 
myosuroides 
4.1012 NA NA 0.1376 
NA NA 
Anagallis arvensis 4.8194 4.2074 0.6120 0.4925 0.0028 0.4898 
Avena fatua 4.4445 3.9347 0.5098 0.2687 0.0026 0.2661 
Buglossoides 
arvensis 
4.3915 3.9893 0.4022 0.2521 
0.0026 0.2495 
Consolida regalis 4.5999 4.1685 0.4315 0.3400 0.0027 0.3372 
Lathyrus tuberosus 4.6530 5.3841 -0.7312 0.3682 0.0035 0.3646 
Legousia speculum-
veneris 
4.1625 NA NA 0.1542 
NA NA 
Papaver rhoeas 4.8213 4.3065 0.5148 0.4942 0.0028 0.4914 
Ranunculus arvensis 4.6605 3.5941 1.0665 0.3731 0.0024 0.3708 
Sinapis arvensis 5.0420 4.3001 0.7420 0.6352 0.0028 0.6323 
MEAN   4.5452 4.2852 0.2599 0.3380 0.0028 0.3352 
 
 
 
  
 
 
 
 
own results 
Zeleny & 
Chytry  
own results 
Zeleny & 
Chytry 
Scleranthion theta CE 
theta non-
forest difference 
rank ratio 
CE 
rank ratio 
non-forest difference 
Apera spica-venti 4.3418 4.4253 -0.0835 0.2222 0.0029 0.2193 
Aphanes arvensis 4.0718 3.6390 0.4327 0.1294 0.0024 0.1270 
Arabidopsis thaliana 4.2654 5.5531 -1.2877 0.1874 0.0036 0.1838 
Cerastium fontanum 4.5562 4.8752 -0.3189 0.3217 0.0032 0.3185 
Myosotis arvensis 4.4156 4.7113 -0.2957 0.2637 0.0031 0.2606 
Myosotis stricta 3.5274 5.7133 -2.1859 0.0299 0.0037 0.0261 
Scleranthus annuus 4.3328 3.9770 0.3558 0.2156 0.0026 0.2130 
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Tripleurospermum 
inodorum 
4.9763 5.6609 -0.6847 0.5920 
0.0037 0.5883 
Veronica arvensis 4.4690 5.2051 -0.7361 0.2852 0.0034 0.2818 
Vicia hirsuta 4.2140 5.6385 -1.4245 0.1741 0.0037 0.1704 
Vicia sativa 4.7071 5.2723 -0.5652 0.4013 0.0034 0.3979 
Vicia tetrasperma 4.3880 5.6273 -1.2394 0.2488 0.0037 0.2451 
Viola arvensis 4.8668 4.8960 -0.0292 0.5174 0.0032 0.5142 
MEAN 4.3948 5.0140 -0.6202 0.2761 0.0033 0.2728 
 
  
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
Annex J 
Chapter 3: Correlation between plot sizes and species richness per disturbance type 
 
All correlations are statistically significantly positive. For cereal, row crop and ruderal 
category, the Spearman’s correlation coefficients rho are 0.044 (p=0.006), 0.089 (p<0.001), 
and 0.314 (p<0.001). 
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Annex K 
Chapter 3: Correlation between year of plot recording and species richness 
 
For cereal, row crop and ruderal, Spearman’s rho shows 0.115 (p<0.001), 0.003 (p=0.887), and 
-0.066 (p<0.001).  
 
 
For Alpine, Atlantic, Boreal, Continental, Mediterranean, Pannonian, and Steppic, the 
Spearman’s rho correlation coefficient between species richness and year of recording is -0.197 
(p<0.001), -0.320 (p<0.001), 0.279 (p<0.001), -0.027 (p=0.150), -0.044 (p=0.118), 0.272 
(p<0.001), 0.125 (p=0.200), respectively. 
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Annex L 
Chapter 3: Temporal distribution of plot 
 
Temporal distribution of plot across disturbance types. 
 
 
 
Temporal distribution of plot across biogeographical regions. 
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Annex M 
Chapter 3: Differences in species richness between biogeographical regions 
 
Results of the pairwise comparisons for testing of differences in plot-wise species richness 
between biogeographical regions (separately for each disturbance type). Wilcoxon rank sum 
test with Bonferroni correction was used. In the table, p-values are presented. 
 
 ALP ATL BOR CON MED PAN 
       
Cereal 
ATL 2.00E-16 - - - - - 
BOR 0.00031 1.10E-05 - - - - 
CON 2.00E-16 2.60E-06 2.00E-16 - - - 
MED 1 4.30E-10 0.05154 2.00E-16 - - 
PAN 9.90E-09 0.00555 1 2.00E-16 0.00085 - 
STE 6.20E-09 0.00136 1.00E-07 0.50197 3.70E-06 0.00043 
       
Row crop 
ATL 7.70E-06 - - - - - 
BOR 1 0.00088 - - - - 
CON 0.09569 0.00961 1 - - - 
MED 1.80E-05 3.00E-15 1 7.60E-12 - - 
PAN 0.52173 0.09679 1 1 1.20E-08 - 
STE 0.00012 8.20E-15 0.06097 2.50E-08 1 3.50E-07 
       
Ruderal 
ATL 0.0063 - - - - - 
BOR 0.14214 1 - - - - 
CON 1.70E-08 0.00436 1 - - - 
MED 0.14364 1 1 5.50E-07 - - 
PAN 0.24216 1 1 1.00E-07 1 - 
STE 0.00028 0.09948 1 1 0.15228 0.04085 
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Annex N 
Chapter 4: Databases contributing plots used in the analyses of level of invasion 
 
Contributing databases with their Global Inventory of Vegetation-Plot Databases (GIVD) ID 
number and the number of provided plots. 
 
GIVD ID GIVD name Nr. of plots 
EU-AT-001 Austrian Vegetation Database 66 
EU-00-013 Balkan Dry Grasslands Database 3 
EU-00-019 Balkan Vegetation Database 6 
EU-00-011 Vegetation-Plot Database of the 
University of the Basque Country 
(BIOVEG) 
20 
EU-BE-002 INBOVEG 1 
EU-GB-001 UK National Vegetation 
Classification Database 
19 
EU-BG-001 Bulgarian Vegetation Database 3 
EU-HR-002 Croatian Vegetation Database 420 
EU-CZ-001 Czech National Phytosociological 
Database 
5949 
EU-00-028 European Weed Vegetation Database 10,985 
EU-FR-003 SOPHY 127 
EU-DE-014 German Vegetation Reference 
Database (GVRD) 
224 
EU-DE-013 VegetWeb Germany 433 
EU-DE-001 VegMV 1934 
EU-DE-020 German Grassland Vegetation 
Database (GrassVeg.DE) 
85 
EU-00-025 Gravel bar vegetation database 10 
EU-GR-005 Hellenic Natura 2000 Vegetation 
Database (HelNatVeg) 
5 
EU-HU-003 CoenoDat Hungarian 
Phytosociological Database 
104 
EU-IE-001 Irish Vegetation Database 112 
EU-IT-010 Vegetation database of Habitats in 
the Italian Alps - HabItAlp 
2 
EU-IT-011 Vegetation Plot Database - Sapienza 
University of Rome 
418 
EU-GR-001 KRITI 1134 
EU-LV-001 Semi-natural Grassland Vegetation 
Database of Latvia 
4 
EU-LT-001 Lithuanian vegetation Database 621 
EU-NL-001 Dutch National Vegetation Database 1711 
EU-00-002 Nordic-Baltic Grassland Vegetation 
Database (NBGVD) 
3 
EU-PL-001 Polish Vegetation Database 5531 
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EU-RO-008 Romanian Grassland Database 341 
EU-SK-001 Slovak Vegetation Database 857 
EU-SI-001 Vegetation Database of Slovenia 772 
EU-00-004 Iberian and Macaronesian Vegetation 
Information System (SIVIM) 
76 
EU-IT-001 VegItaly 60 
EU-AT-001 Austrian Vegetation Database 66 
EU-00-013 Balkan Dry Grasslands Database 3 
EU-00-019 Balkan Vegetation Database 6 
EU-00-011 Vegetation-Plot Database of the 
University of the Basque Country 
(BIOVEG) 
20 
EU-BE-002 INBOVEG 1 
EU-GB-001 UK National Vegetation 
Classification Database 
19 
EU-BG-001 Bulgarian Vegetation Database 3 
EU-HR-002 Croatian Vegetation Database 420 
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Annex O 
Chapter 4: Merging of original management types into three groups 
 
Key for merging of disturbance types into three groups, namely “Cereal”, “Row crops”, and 
“Ruderal”. The original categories (first column) are as included in the plot accompanying 
information. For the process of merging into groups, we followed the approach of Lososová et 
al. (2004). 
 
Küzmič, F., Classification and gradient analysis of weed vegetation in Europe. 
   Doct. Dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2020 
 
 
A unique category Group 
assignment 
fallow CER 
winter beet ROW 
winter cereals CER 
alfalfa CER 
alfalfa, oat CER 
Allium sativum ROW 
Allium cepa ROW 
alluvium RUD 
Anethum graveolens ROW 
annual fodder crop CER 
arboretum ROW 
Armoracia rusticana ROW 
asparagus ROW 
autumn barley CER 
autumn wheat CER 
Avena  CER 
Avena fatua CER 
Avena sativa CER 
Avena sativa, Trif. pratense CER 
barley CER 
barley and Trifolium 
resupinat 
CER 
barley clover timothy CER 
barley, lucerne CER 
barley, oat CER 
barley, rye CER 
barley, Trifolium CER 
barley, wheat CER 
beans ROW 
beans, oat ROW 
beans, potato ROW 
beans, turnip ROW 
beet ROW 
beet red ROW 
beet, beans ROW 
beet, cereal ROW 
beet, flax ROW 
beet, maize ROW 
beet, onion ROW 
beet, onion, potato ROW 
beet, potato ROW 
Berry ROW 
Beta ROW 
Beta vulgaris ROW 
Brassica napus CER 
Brassica napus cv. biennis CER 
Brassica napus s. rapifera CER 
Brassica nigra CER 
Brassica oleracea CER 
Brassica oleracea, salad CER 
Brassica rapa CER 
Brassica rapa s. oleifera CER 
broccoli ROW 
buckwheat CER 
cabbage ROW 
cabbage red ROW 
canary seed CER 
carrot ROW 
carrot, beet ROW 
carrot, Brasica oleracea, beet ROW 
carrot, salad, beet ROW 
carrot, salad, turnip ROW 
celery ROW 
cereal mix CER 
cereal, flax CER 
cereals CER 
Chamomille CER 
channel RUD 
chicory ROW 
citrus ROW 
clover CER 
clover grass CER 
coriander ROW 
Corn CER 
cotton ROW 
cotton, maize ROW 
crimson clover CER 
cucumber ROW 
Cucumis sativus ROW 
Cucurbita pepo ROW 
cumin ROW 
Daucus ROW 
depony RUD 
depony (earth heap, sugar 
beet sludge) 
RUD 
ditch RUD 
dump RUD 
dung RUD 
edge (cereal) CER 
edge (road) RUD 
edge (wall) RUD 
eggplant ROW 
Fagopyrum tataricum CER 
fallow CER 
fallow (barley) CER 
fallow (beet) CER 
fallow (buckwheat) CER 
fallow (flax) CER 
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fallow (garden) CER 
fallow (harvested) CER 
fallow (hop) CER 
fallow (maize) CER 
fallow (oilseed rape) CER 
fallow (potato) CER 
fallow (root crop) CER 
fallow (row crop) CER 
fallow (rye) CER 
fallow (salad) CER 
fallow (Secale cereale) CER 
fallow (turnip) CER 
fallow (vegetables) CER 
fallow (vineyard) CER 
fallow (wheat) CER 
fish pond RUD 
flax CER 
flower bed RUD 
flower bed (abandoned) RUD 
Flowers RUD 
flowers (Dahlia) RUD 
flowers, sunflower RUD 
fodder CER 
fodder beet CER 
fodder beet (mangee) CER 
fodder beet, potato CER 
fodder crop CER 
fodder kale CER 
forest plantation ROW 
garbage RUD 
garbage dump RUD 
garden ROW 
garden (abandoned) CER 
garden (asparagus) ROW 
garden (beans) ROW 
garden (beet) ROW 
garden (cabbage) ROW 
garden (flower) ROW 
garden (flowers) ROW 
garden (garlic) ROW 
garden (onion) ROW 
garden (porree) ROW 
garden (potato) ROW 
garden (pumpkin) ROW 
garden (strawberries) ROW 
garden (vegetables) ROW 
garden (Viola x wittrockiana) ROW 
garlic ROW 
glycine CER 
goosberry ROW 
grain CER 
grassland RUD 
grassland (former field) RUD 
gravel RUD 
gravel (railway) RUD 
grazed RUD 
green fodder CER 
green peas CER 
grubble RUD 
Helianthus annuus CER 
hemp CER 
hop ROW 
Hordeum CER 
Hordeum distichon CER 
Hordeum distichon, Medic. 
sati 
CER 
Hordeum distichon, Trif. 
prate 
CER 
Hordeum distichon,Trif. 
praten 
CER 
Hordeum secalinum CER 
Hordeum vulgare CER 
Hordeum vulgare, wheat CER 
kale ROW 
Kleegrass (maize) CER 
landfill RUD 
lawn RUD 
legume, cereal CER 
legume, grain CER 
legumes mix CER 
lens CER 
Lolium multiflorum CER 
Lolium perenne CER 
lucerne CER 
lucerne, oat CER 
Lupinus CER 
Lupinus luteum CER 
maize CER 
maize (millet) CER 
maize (potato?) CER 
maize, beans CER 
maize, potato CER 
maize, pumpkin CER 
maize, pumpkin, beans CER 
maize, sunflower CER 
maize, sunflower, soya CER 
Malus ROW 
mangel ROW 
manure RUD 
meadow RUD 
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Medicago sativa CER 
medical herbs CER 
melon ROW 
millet CER 
mix (potato) ROW 
mixed cereals CER 
mixed cultivation ROW 
mowed RUD 
mud RUD 
mustard CER 
non-cereal ROW 
not cultivated CER 
not cultivated field CER 
not plowed CER 
not sown field CER 
nursery ROW 
oat CER 
oat, barley CER 
oat, Phl. pratense, Trifolium CER 
oat, potato CER 
oat, summer barley CER 
oat, sunflower, beans CER 
oat, wheat CER 
oil beet (ruderal) CER 
olives ROW 
olives (abandoned) ROW 
olives (old) ROW 
olives, lemon ROW 
onion ROW 
onion and tomatoes ROW 
onion, beet ROW 
onion, garlic ROW 
onion, turnip ROW 
opium poppy CER 
orchard ROW 
orchard (cherry) ROW 
orchard (nut) ROW 
orchard (pear) ROW 
orchard (plum) ROW 
organic waste RUD 
Papaver CER 
parking RUD 
parsley ROW 
pasture RUD 
pea CER 
peanuts CER 
pepper ROW 
pepper, beans ROW 
perennial fodder crop CER 
phacelia CER 
Phaseolus vulgaris ROW 
plantation ROW 
plowed CER 
plowed (maize) CER 
plowed (not cultivated) CER 
plowed (onion) ROW 
plowed field CER 
pond RUD 
port RUD 
potato ROW 
potato, beans ROW 
potato, beet ROW 
potato, carrot ROW 
potato, maize ROW 
potato, pumpkin ROW 
potato, salad ROW 
Prunus amygdalus ROW 
pumpkin ROW 
pumpkin, Brassica oleracea ROW 
quarry RUD 
railway RUD 
rape CER 
rapeseed CER 
raps CER 
raspberries ROW 
ravine RUD 
red pepper ROW 
reforestation ROW 
repa ROW 
repa, beet ROW 
Ribes ROW 
rice CER 
river bank RUD 
road RUD 
road (dune) RUD 
root crop ROW 
roses ROW 
row crop ROW 
row crop (maize) CER 
row crop (post harvest) CER 
rubble RUD 
ruderal RUD 
ruderal (cemetery) RUD 
ruderal (dune) RUD 
ruderal (edge) RUD 
ruderal (garden) RUD 
ruderal (grassland) RUD 
ruderal (grazed) RUD 
ruderal (lawn) RUD 
ruderal (pasture) RUD 
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ruderal (plantation) RUD 
ruderal (road) RUD 
ruderal (sand) RUD 
rye CER 
rye, barley CER 
rye, oat CER 
rye, wheat CER 
sainfoin CER 
salad ROW 
salad, potato ROW 
savory ROW 
secale CER 
Secale cereale CER 
Secale cereale, Trif. pratense CER 
Secale cereale,Medicago 
sativa 
CER 
sesam CER 
Setaria CER 
shrub? RUD 
Sinapis CER 
Sinapis alba CER 
Solanum ROW 
Solanum tuberosum ROW 
Solanum tuberosum + mix ROW 
Solanum tuberosum, Beta 
vulgar 
ROW 
Solanum tuberosum, Cucur. 
pepo 
ROW 
Solanum tuberosum, 
Phaseolus v. 
ROW 
Sorghum bicolor CER 
soya CER 
spelt CER 
spinach ROW 
spring barley CER 
spring rape CER 
spring rapeseed CER 
spring triticale CER 
spring wheat CER 
strawberry ROW 
stream RUD 
stubble CER 
stubble (alfalfa) CER 
stubble (barley) CER 
stubble (beet) CER 
stubble (Brassica napus) CER 
stubble (cabbage) CER 
stubble (carrot) CER 
stubble (cereals) CER 
stubble (flax) CER 
stubble (Hordeum vulgare) CER 
stubble (lucerne) CER 
stubble (maize) CER 
stubble (oat) CER 
stubble (Papaver) CER 
stubble (pond) RUD 
stubble (potato) CER 
stubble (rye) CER 
stubble (Secale cereale) CER 
stubble (Triticum) CER 
stubble (vineyard) CER 
stubble (wheat) CER 
sugar beet ROW 
sugar maize CER 
summer barley CER 
summer rye CER 
summer wheat CER 
summer wheat clover timothy CER 
sunflower CER 
sunflower (trampled) CER 
sunflower, beans, oat CER 
sunflower, phacelia CER 
swiss chard ROW 
tobacco ROW 
tomato ROW 
tomato, carrot ROW 
trampled RUD 
tree plantation ROW 
Trifolium CER 
Trifolium incarnatum CER 
Trifolium pratense CER 
Trifolium rubens CER 
Trifolium, row crop ROW 
triticale CER 
Triticale rimpauii CER 
triticale, rye CER 
triticale, wheat CER 
Triticum CER 
Triticum (alfalfa) CER 
Triticum (Brassica napus) CER 
Triticum (edge) CER 
Triticum aestivum CER 
Triticum aestivum, Secale 
cereale 
CER 
Triticum aestivum,Lolium 
multi 
CER 
Triticum durum CER 
Triticum spelta CER 
Triticum spelta, T. aestivum CER 
Triticum vulgare CER 
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Triticum, maize CER 
Triticum, sunflower CER 
turnip ROW 
turnip, beet ROW 
turnip, potato ROW 
two-rowed barley CER 
two-rowed barley (Daucus) CER 
two-rowed barley, oat CER 
twp-rowed barley CER 
uncultivated field CER 
unplowed CER 
vegetables ROW 
Vicia CER 
Vicia ervilia CER 
Vicia et mustard CER 
Vicia faba, Zea mays mays CER 
Vicia sativa CER 
vineyard ROW 
vineyard (abandoned) ROW 
vineyard (fallow) ROW 
vineyard (trampled) ROW 
vineyard traditional ROW 
vineyard, Brassica nigra ? ROW 
wall RUD 
waste RUD 
waste land RUD 
watermelon ROW 
wheat CER 
wheat (edge) CER 
wheat, barley CER 
wheat, beans CER 
wheat, Brassica napus CER 
wheat, oat CER 
wheat, rye CER 
white cabbage ROW 
winter barley CER 
winter beet CER 
winter cereals CER 
winter rape CER 
winter rapeseed CER 
winter rye CER 
winter triticale CER 
winter wheat CER 
Zea mays CER 
Zea mays mays, Cucurbita 
pepo 
CER 
zucchini ROW   
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Annex P 
Chapter 4: Literature sources for residence status assignment 
 
List of literature sources for the assessment of species status – either native (including 
archaeophytes) or neophyte. 
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Annex Q 
Chapter 4: List of neophyte species in the dataset 
 
List of all neophyte species (N=489), classified as such in at least one plot in the whole 
dataset. For each species, frequency in the whole dataset, origin (E-European, A-non–
European, T-Transcaucasian & Turkey, C-unknown) is given. Species are listed in 
alphabetical order of their Latin name, following the Euro+Med nomenclature (Euro+Med, 
2019). 
Latin name Origin 
Nr. 
plots 
   
Abutilon E 1 
Abutilon theophrasti E 169 
Acacia dealbata A 3 
Acacia melanoxylon A 7 
Acer negundo A 51 
Acer platanoides E 1 
Achillea ptarmica E 52 
Achyranthes sicula E 1 
Aegilops cylindrica E 1 
Aesculus hippocastanum E 1 
Agave americana A 1 
Agrimonia repens T 1 
Ailanthus altissima A 43 
Ajuga reptans E 1 
Alcea rosea C 1 
Alchemilla mollis E 1 
Alchemilla xanthochlora E 10 
Allium ampeloprasum E 2 
Allium ascalonicum E 1 
Allium cepa E 4 
Alnus x pubescens E 3 
Alopecurus myosuroides E 29 
Althaea hirsuta E 5 
Amaranthus albus A 471 
Amaranthus blitoides A 273 
Amaranthus blitum E 41 
Amaranthus caudatus A 4 
Amaranthus crispus A 67 
Amaranthus cruentus A 68 
Amaranthus deflexus A 159 
Amaranthus emarginatus A 1 
Amaranthus graecizans E 55 
Amaranthus hybridus A 573 
Amaranthus 
hypochondriacus 
A 9 
Amaranthus muricatus A 3 
Amaranthus powellii A 537 
Amaranthus retroflexus A 4418 
Amaranthus viridis A 68 
Ambrosia artemisiifolia A 1098 
Ambrosia trifida A 4 
Amorpha fruticosa A 13 
Amsinckia micrantha A 4 
Anagallis minima E 1 
Anisantha tectorum E 1 
Anthemis ruthenica E 14 
Anthoxanthum aristatum E 585 
Anthriscus cerefolium E 2 
Antirrhinum majus E 11 
Araujia sericifera A 4 
Arctotheca calendula A 1 
Armoracia rusticana E 16 
Artemisia annua E 19 
Artemisia biennis A 1 
Artemisia tournefortiana E 3 
Artemisia verlotiorum A 18 
Asclepias syriaca A 21 
Aster novi-belgii A 2 
Atriplex hortensis A 4 
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Atriplex littoralis E 1 
Atriplex micrantha A 1 
Atriplex oblongifolia E 3 
Atriplex tatarica E 3 
Aubrieta deltoidea E 5 
Avena byzantina A 1 
Avena nuda E 4 
Avena sterilis subsp. 
ludoviciana 
E 1 
Avena strigosa E 141 
Barbarea intermedia E 2 
Barbarea stricta E 17 
Bassia scoparia E 140 
Berberis thunbergii A 2 
Berteroa incana E 55 
Beta vulgaris E 35 
Bidens frondosus A 133 
Bidens pilosus A 5 
Bidens subalternans A 3 
Bifora radians E 2 
Blitum virgatum E 7 
Borago officinalis E 14 
Brassica juncea A 2 
Brassica napus C 305 
Brassica nigra E 3 
Brassica oleracea E 11 
Brassica rapa E 30 
Briza maxima E 1 
Bromus commutatus E 1 
Buddleja davidii A 2 
Bunias erucago E 1 
Bunias orientalis E 30 
Calendula arvensis E 1 
Calendula officinalis E 13 
Calepina irregularis E 48 
Callistephus chinensis A 5 
Calystegia pulchra A 1 
Calystegia sepium E 1 
Camelina sativa E 14 
Campanula rapunculus E 8 
Cannabis sativa E 68 
Caragana arborescens A 1 
Cardiospermum 
halicacabum 
A 2 
Carduus tenuiflorus E 10 
Carpobrotus edulis A 2 
Carthamus tinctorius A 1 
Catalpa bignonioides A 1 
Cenchrus clandestinus A 5 
Centaurea solstitialis E 1 
Cerastium tomentosum E 6 
Ceratochloa carinata A 13 
Ceratochloa cathartica A 12 
Chamaecyparis A 1 
Chamaemelum nobile E 1 
Chenopodium giganteum A 5 
Chenopodium hircinum A 1 
Chenopodium probstii A 2 
Chenopodium strictum E 398 
Chorispora tenella E 8 
Cirsium dissectum E 1 
Claytonia perfoliata A 17 
Commelina communis A 13 
Conringia orientalis E 1 
Consolida ajacis E 7 
Consolida hispanica E 11 
Coriandrum sativum E 8 
Corispermum intermedium E 58 
Cornus sericea A 1 
Cosmos bipinnatus A 2 
Cotoneaster horizontalis A 1 
Crambe maritima E 1 
Crataegus x media E 1 
Crepis bursifolia E 1 
Crepis capillaris E 1 
Crepis sancta E 2 
Crepis setosa E 1 
Crepis vesicaria E 26 
Crocosmia pottsii A 14 
Crocosmia x crocosmiiflora C 1 
Cruciata glabra E 1 
Cucumis sativus A 1 
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Cucurbita maxima A 1 
Cucurbita pepo A 41 
Cuscuta campestris A 40 
Cyanus depressus E 2 
Cyanus segetum E 460 
Cyclospermum 
leptophyllum 
A 1 
Cymbalaria muralis E 10 
Cynara cardunculus E 4 
Cynara scolymus E 1 
Cynodon dactylon E 1 
Cyperus strigosus A 1 
Cytisus proliferus E 1 
Cytisus scoparius E 5 
Datura A 1 
Datura innoxia A 2 
Datura stramonium A 545 
Dichondra micrantha A 2 
Digitalis purpurea E 1 
Digitaria ischaemum E 14 
Diplachne fascicularis A 1 
Diplotaxis muralis E 12 
Diplotaxis tenuifolia E 12 
Dittrichia graveolens E 7 
Dysphania ambrosioides A 39 
Dysphania botrys E 2 
Dysphania pumilio A 19 
Dysphania schraderiana A 1 
Echinochloa colonum A 10 
Echinochloa crus-galli E 381 
Echinochloa oryzoides A 6 
Echinocystis lobata A 8 
Echinops sphaerocephalus E 23 
Eleusine indica A 50 
Elsholtzia ciliata A 10 
Elytrigia arenosa E 1 
Emex spinosa E 4 
Epilobium brachycarpum A 85 
Epilobium ciliatum A 160 
Eragrostis barrelieri A 5 
Eragrostis cilianensis E 21 
Eragrostis minor E 95 
Eragrostis pectinacea A 8 
Eragrostis pilosa E 9 
Erechtites hieraciifolius A 1 
Erigeron annuus A 941 
Erigeron bonariensis A 140 
Erigeron canadensis A 4396 
Erigeron glaucus A 5 
Erigeron karvinskianus A 1 
Erigeron sumatrensis A 167 
Eriobotrya japonica A 2 
Eriochloa contracta A 1 
Erodium ciconium E 2 
Eruca vesicaria E 1 
Erucastrum gallicum E 55 
Erucastrum nasturtiifolium E 1 
Erysimum cheiranthoides E 1 
Erysimum cheiri E 2 
Eschscholzia californica A 2 
Euonymus japonicus A 2 
Euphorbia esula E 4 
Euphorbia humifusa A 7 
Euphorbia lathyris A 1 
Euphorbia maculata A 69 
Euphorbia marginata A 1 
Euphorbia nutans A 7 
Euphorbia peplus E 1 
Euphorbia prostrata A 29 
Euphorbia serpens A 9 
Fagopyrum esculentum A 10 
Fagopyrum tataricum A 7 
Fallopia baldschuanica A 1 
Fascicularia bicolor A 3 
Ficus carica E 2 
Fragaria ananassa C 7 
Fumaria capreolata E 1 
Fumaria muralis E 1 
Galeopsis angustifolia E 6 
Galinsoga A 4 
Galinsoga parviflora A 3657 
Galinsoga quadriradiata A 1518 
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Galium album E 5 
Galium verrucosum E 1 
Gastridium phleoides E 28 
Gaultheria shallon A 7 
Geranium purpureum E 3 
Geranium pyrenaicum E 22 
Geranium sibiricum E 2 
Glebionis coronaria E 5 
Glebionis segetum E 121 
Glycyrrhiza glabra E 2 
Guizotia abyssinica A 1 
Helianthus annuus A 100 
Helianthus tuberosus A 103 
Heliotropium hirsutissimum E 2 
Helminthotheca echioides E 1 
Heracleum 
mantegazzianum 
T 1 
Heracleum pubescens T 2 
Herniaria hirsuta E 2 
Hesperis matronalis E 2 
Hibiscus syriacus A 1 
Hordeum jubatum A 1 
Hordeum murinum subsp. 
leporinum 
E 12 
Hordeum secalinum E 1 
Hylotelephium telephium E 1 
Hypericum canadense A 1 
Iberis umbellata E 2 
Impatiens glandulifera A 22 
Impatiens parviflora A 73 
Inula helenium E 1 
Ipomoea A 1 
Ipomoea indica A 2 
Ipomoea purpurea A 5 
Iris graminea E 1 
Iva xanthiifolia A 60 
Juglans regia E 1 
Juncus tenuis A 11 
Kickxia elatine E 1 
Lactuca sativa C 1 
Lactuca serriola E 2 
Lactuca tatarica E 1 
Lactuca virosa E 2 
Lantana camara A 1 
Lathyrus aphaca E 22 
Lathyrus hirsutus E 1 
Lathyrus sativus C 17 
Lepidium densiflorum A 43 
Lepidium didymum A 31 
Lepidium draba E 12 
Lepidium perfoliatum E 1 
Lepidium virginicum A 45 
Leymus arenarius E 1 
Ligustrum lucidum A 1 
Ligustrum ovalifolium A 1 
Linum austriacum E 1 
Linum usitatissimum C 26 
Lobularia maritima E 1 
Lolium multiflorum E 236 
Lolium remotum E 6 
Lolium temulentum E 1 
Lolium x hybridum E 1 
Lonicera japonica A 1 
Lupinus angustifolius E 19 
Lupinus luteus E 68 
Lupinus polyphyllus A 8 
Lycium barbarum A 25 
Lycopersicon A 2 
Lycopersicon esculentum A 93 
Mahonia aquifolium A 3 
Malus pumila C 10 
Malva moschata E 1 
Malva pusilla E 2 
Malva trimestris E 1 
Malva verticillata A 4 
Matricaria discoidea A 1716 
Matthiola incana E 1 
Medicago sativa A 314 
Medicago sativa 
nothosubsp. varia 
C 17 
Melilotus albus E 2 
Melilotus officinalis E 5 
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Mentha x piperita C 1 
Mercurialis annua E 11 
Mimulus guttatus A 4 
Mirabilis jalapa A 13 
Morus alba A 4 
Myagrum perfoliatum E 1 
Narcissus tazetta E 9 
Neslia paniculata E 1 
Nicandra physalodes A 7 
Nicotiana glauca A 17 
Nicotiana rustica A 1 
Nicotiana tabacum A 1 
Nigella damascena E 1 
Nonea pulla E 7 
Nothoscordum gracile A 2 
Ocimum basilicum A 1 
Oenothera A 29 
Oenothera biennis A 171 
Oenothera glazioviana A 2 
Oenothera parviflora A 1 
Oenothera pycnocarpa A 3 
Oenothera rubricaulis A 2 
Onobrychis viciifolia E 10 
Ornithogalum nutans E 4 
Ornithopus sativus E 91 
Oxalis articulata A 2 
Oxalis corniculata E 15 
Oxalis debilis A 3 
Oxalis dillenii A 43 
Oxalis latifolia A 3 
Oxalis pes-caprae A 212 
Oxalis stricta A 2247 
Oxalis violacea A 1 
Panicum capillare A 135 
Panicum dichotomiflorum A 29 
Panicum miliaceum A 19 
Papaver croceum A 1 
Papaver hybridum E 1 
Papaver somniferum E 47 
Parthenocissus 
quinquefolia 
A 12 
Paspalum dilatatum A 6 
Paspalum distichum A 5 
Paspalum vaginatum A 2 
Persicaria capitata A 1 
Persicaria orientalis A 4 
Petroselinum crispum E 12 
Phacelia tanacetifolia A 31 
Phalaris canariensis E 9 
Phaseolus A 2 
Phaseolus vulgaris A 17 
Phoenix dactylifera A 2 
Phyllanthus tenellus A 1 
Physalis alkekengi E 2 
Physalis peruviana A 1 
Physalis philadelphica A 2 
Phytolacca americana A 13 
Pilosella piloselloides E 1 
Pinus nigra E 2 
Pinus sylvestris E 1 
Pisum sativum C 12 
Plantago ovata E 1 
Platanus hispanica C 2 
Platycladus orientalis A 1 
Polycarpon tetraphyllum E 1 
Populus x canadensis C 19 
Portulaca grandiflora A 3 
Portulaca oleracea E 28 
Potentilla indica A 5 
Potentilla intermedia E 1 
Potentilla norvegica E 2 
Prunus armeniaca A 2 
Prunus domestica C 1 
Prunus persica A 2 
Prunus serotina A 9 
Pseudofumaria alba E 1 
Pseudotsuga menziesii A 1 
Quercus rubra A 3 
Raphanus sativus C 23 
Rapistrum rugosum E 14 
Reynoutria japonica A 26 
Reynoutria x bohemica E 2 
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Rheum rhabarbarum A 3 
Ribes rubrum E 1 
Robinia pseudoacacia A 105 
Rosa rugosa A 1 
Rubus armeniacus T 1 
Rudbeckia hirta A 1 
Rudbeckia laciniata A 10 
Rumex alpinus E 1 
Rumex obovatus A 6 
Rumex patientia E 8 
Rumex thyrsiflorus E 7 
Rumex vesicarius A 1 
Sagina apetala E 2 
Salsola collina E 1 
Salvia microphylla A 2 
Sedum album E 1 
Sedum hispanicum E 9 
Sedum spurium T 10 
Senecio inaequidens A 57 
Senecio leucanthemifolius 
subsp. vernalis 
E 125 
Senecio squalidus E 2 
Sequoiadendron giganteum A 1 
Setaria adhaerens A 3 
Setaria faberi A 7 
Setaria italica A 4 
Setaria parviflora A 1 
Setaria pumila E 24 
Setaria verticillata E 71 
Setaria viridis E 1 
Silene coronaria E 1 
Silene gallica E 2 
Silene latifolia E 1 
Silybum marianum E 1 
Sinapis alba E 83 
Sisymbrium altissimum E 337 
Sisymbrium austriacum E 1 
Sisymbrium irio E 2 
Sisymbrium loeselii E 478 
Sisymbrium orientale E 10 
Sisymbrium strictissimum E 1 
Sisymbrium volgense E 1 
Solanum elaeagnifolium A 11 
Solanum melongena A 1 
Solanum physalifolium A 24 
Solanum sarachoides A 5 
Solanum triflorum A 4 
Solanum tuberosum A 671 
Solanum villosum E 2 
Solidago canadensis A 186 
Solidago gigantea A 140 
Sorghum bicolor A 1 
Sorghum halepense A 997 
Spinacia oleracea A 5 
Sporobolus neglectus A 1 
Sternbergia lutea E 1 
Strigosella africana E 2 
Symphoricarpos albus A 4 
Symphyotrichum ciliatum E 3 
Symphyotrichum 
lanceolatum 
A 19 
Symphyotrichum 
parviflorum 
A 6 
Symphyotrichum salignum A 5 
Symphyotrichum 
squamatum 
A 92 
Syringa vulgaris E 7 
Tagetes erecta A 1 
Tagetes minuta A 8 
Tagetes patula A 3 
Tanacetum balsamita E 1 
Tanacetum parthenium E 3 
Teloxys aristata E 2 
Thladiantha dubia A 2 
Thymus vulgaris E 1 
Tradescantia zebrina var. 
zebrina 
A 1 
Tragus racemosus E 1 
Tribulus terrestris E 7 
Trifolium hybridum E 159 
Trifolium incarnatum E 18 
Trifolium pallescens E 1 
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Trifolium resupinatum E 3 
Trigonella caerulea A 1 
Triticale C 28 
Triticosecale rimpaui C 35 
Triticum aestivum C 19 
Triticum monococcum C 1 
Tropaeolum majus A 2 
Tulipa agenensis E 6 
Verbena x hybrida C 1 
Veronica acinifolia E 1 
Veronica filiformis T 13 
Veronica peregrina A 12 
Veronica persica A 6864 
Vicia faba C 4 
Vicia grandiflora E 80 
Vicia lutea E 4 
Vicia melanops E 1 
Vicia pannonica E 6 
Vicia sativa E 12 
Vicia villosa E 58 
Viola suavis E 1 
Viola wittrockiana C 10 
Xanthium orientale A 464 
Xanthium spinosum A 247 
Xanthium strumarium E 6 
Zantedeschia aethiopica A 3 
Zea mays A 79 
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Annex R 
Chapter 4: Percentage of neophyte species per plot according to management type in 
a resampled dataset 
 
Percentage of neophyte species per plot according to management type in a resampled 
dataset. All group pairs are significantly different according to Pairwise Wilcoxon rank sum 
test with Bonferroni correction (p<0.001). Lowest Median and Mean are in Cereal, and 
considerably higher in Ruderal and Row-crop. Between the latter, Median and Mean are 
only slightly higher in Row-crop. 
 
 
